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Description

Technical Field

[0001] In one aspect, the invention relates to a wireless communication system, a wireless communication apparatus,
and a wireless communication method using spatial multiplexing. More particularly, the invention relates to a wireless
communication system, a wireless communication apparatus, and a wireless communication method, in which a trans-
mitter and a receiver share channel information to perform closed loop type spatial multiplexing transmission.
[0002] In another aspect, the invention relates to a wireless communication system, a wireless communication appa-
ratus, and a wireless communication method, which perform beamforming by obtaining a channel matrix on the basis
of a training sequence transmitted from a receiver when a transmitter transmits a packet. More particularly, the invention
relates to a wireless communication system, a wireless communication apparatus, and a wireless communication method,
which perform beamforming using the training sequence transmitted from the transmitter to the receiver when the number
of antennas of the transmitter, which is a beamformer, is smaller than that of the receiver, which is a beamformee.

Background Art

[0003] WO 2005/125044 A1 discloses a MIMO system comprising: a transmitter having multiple transmit antennas;
at least one receiver, each receiver having at least one receive antenna; each receiver being adapted to transmit at
least one type of feedback information selected from a group consisting of: information for use in performing beamforming;
antenna selection/grouping information. Generally, WO 2005/125044 A1 relates to refinements in systems and methods
for closed loop MIMO (multiple input and multiple output) wireless communication, wherein various transmit formats
including spatial multiplexing and STTD are defined in which vector or matrix weighting is employed using information
fed back from receivers, and wherein the feedback information may include channel matrix or SVD-based feedback.
[0004] Further communication methods and systems are known from US 2006/068738 A1, EP 1 598 955 A, and from
" IEEE P802.11n™/D1.0 Draft Amendment to STANDARD for Information Technology -Telecommunications and infor-
mation exchange between systems - Local and metropolitan area networks - Specific requirements- Part 11: Wireless
LAN Medium Access Control (MAC) and Physical Layer (PHY) specifications: Enhancements for Higher Throughput",
prepared by the 802.11 Working Group of the 802 Committee, IEEE Standards Activities Department, Piscataway, NJ
08854, USA, 2006.
[0005] Wireless network has attracted much attention recently, because it is capable of removing wire in an existing
wired communication network. Standard wireless networks include IEEE (Institute of Electrical and Electronics Engineers)
802.11 or IEEE 802.15.
[0006] For example, IEEE 802.11a/g, a standard of wireless Local Area Network (LAN), specifies an orthogonal
frequency division multiplexing (OFDM) modulation method, which is a multi-carrier method. Because, in the OFDM
modulation method, transmission data having orthogonal frequencies is distributed to a plurality of carriers and trans-
mitted, the band of each carrier becomes narrow, spectrum efficiency is very high, and resistance to frequency-selective
fading interference is strong.
[0007] In addition, IEEE 802.11a/g standard supports a modulation method for accomplishing a communication speed
up to 54 Mbps. However, a next-generation wireless LAN standard requires a higher bit rate.
[0008] In order to realize a higher speed for wireless communications, multi-input multi-output (MIMO) communication
has attracted attention. MIMO communication employs a plurality of antennas in a transmitter and in a receiver to realize
spatially multiplexed streams. The transmitter performs spatial/temporal encoding and multiplexing of plural pieces of
transmission data, and distributes and transmits the plural pieces of transmission data to N transmission antennas
through channels, where N is a positive integer. The receiver performs spatial/temporal decoding on signals received
by M reception antennas through the channels to obtain reception data without crosstalk between the streams (see, for
example, JP-A-2002-44051, hereinafter referred to as Patent Document 1), where M is a positive integer. Ideally, spatial
streams are formed corresponding to a fewer number of transmission and reception antennas (i.e., MIN[N,M]).
[0009] According to MIMO communication, a transmission capacity can be increased according to the number of
antennas, and a communication speed can be improved without increasing frequency bands. Because spatial multiplexing
is used, spectrum efficiency is high. MIMO communication uses channel characteristics and is different from a simple
transmission/reception adaptive array. For example, IEEE 802.11n, which is a standard extended from IEEE 802.11a/g,
specifies an OFDM_MIMO method using OFDM as the primary modulation. Currently, IEEE 802.11n is standardized in
Task Group n (TGn), in which a specification is established based on a specification established in Enhanced Wireless
Consortium (EWC) formed in October, 2005.
[0010] In MIMO communication, in order to spatially divide a spatially multiplexed reception signal y into stream signals
x, a channel matrix H is acquired by any method and spatially multiplexed reception signal y needs to be spatially divided
into a plurality of original streams using channel matrix H by a predetermined algorithm.
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[0011] Channel matrix H is obtained by allowing a transmitter/receiver to transmit/receive existing training sequence,
estimating the channels by a difference between the actually received signal and the existing sequence, and arranging
propagation channels in a matrix form according to a combination of transmission and reception antennas. When there
are N transmission antennas and M reception antennas, the channel matrix is an M3N (row times column) matrix.
Accordingly, the transmitter transmits N training sequence and the receiver acquires channel matrix H using the received
training sequence.
[0012] A method for spatially dividing a reception signal is generally classified into an open loop type method, in which
a receiver independently performs spatial division on the basis of channel matrix H, and a closed loop type method, in
which a transmitter gives weight to transmission antenna on the basis of channel matrix H to perform adequate beam-
forming toward a receiver to form an ideal spatial orthogonal channel.
[0013] For an open loop type MIMO transmission method, there is a zero force (see, for example, A. Benjebbour, H.
Murata, and S. Yoshida, "Performance of iterative successive detection algorithm for space-time transmission," Proc.
IEEE VTC Spring, vol. 2, pp. 1287-1291, Rhodes, Greece, May 2001, hereinafter referred to as Non-Patent Document
1), or a minimum mean square error (MMSE) (see, for example, A. Benjebbour, H. Murata, and S. Yoshida, "Performance
comparison of ordered successive receivers for space-time transmission," Proc. IEEE VTC Fall, vol. 4, pp. 2053-2057,
Atlantic City, USA, September 2001, hereinafter referred to as Non-Patent Document 2) . The open loop type MIMO
transmission method is a relatively simple algorithm for obtaining reception weight matrix W for spatially dividing the
reception signal from channel matrix H, in which a feedback operation for sharing the channel information between the
transmitter and the receiver is omitted, and the transmitter and the receiver independently perform spatial multiplexing
transmission.
[0014] For an ideal closed loop type MIMO transmission method, a singular value decomposition (SVD) -MIMO method
using SVD of channel matrix H is known (see, for example, http://radio3.ee.uec.ac.jp/MIMO(IEICE_TS).pdf (October
24, 2003), hereinafter referred to as Non-Patent Document 3). In the SVD-MIMO transmission, a numerical matrix having
channel information that uses antenna pairs as elements, that is, a channel information matrix H, is subjected to the
singular value decomposition to obtain UDVH. A transmitter uses V in a transmission antenna weight matrix, and transmits
a beamformed packet to a receiver. A receiver typically uses (UD)-1 as a reception antenna weight matrix. Here, D is a
diagonal matrix having square roots of singular values λi corresponding to qualities of the spatial streams in diagonal
elements (the subscript "i" indicates the i-th spatial stream) . Singular values λi are the diagonal elements of diagonal
matrix D in ascending order. Power ratio distribution or modulation method allocation is performed according to com-
munication quality represented by the level of singular value with respect to the streams, such that a plurality of spatial
orthogonal multiplexed propagation channels, which are logically independent, are realized. The receiver can extract a
plurality of original signal sequence without crosstalk, and theoretically accomplish maximum performance.
[0015] In the closed loop type MIMO communication system, adequate beamforming is performed when the transmitter
transmits a packet, but information on the channel information needs to be fed back from the receiver for receiving the
packet.
[0016] For example, EWC HT (High Throughput) MAC (Media Access Control) Specification, Version V1.24, defines
two kinds of procedures, "implicit feedback" and "explicit feedback," as the procedures for feeding back the information
on the channel matrix between the transmitter and the receiver.
[0017] For "implicit feedback," the transmitter estimates a backward channel matrix transmitted from the receiver using
a training sequence also transmitted from the receiver. A forward channel matrix transmitted from the transmitter to the
receiver is computed to perform beamforming under the assumption that bi-directional channel characteristics between
the transmitter and the receiver are reciprocal. Calibration of an RF circuit in a communication system is performed,
such that the channel characteristics are reciprocal.
[0018] For "explicit feedback," the receiver estimates a forward channel matrix transmitted from the transmitter using
a training sequence also transmitted from the transmitter, and returns a packet including the channel matrix as data to
the transmitter. The transmitter performs the beamforming using the received channel matrix. Alternatively, the receiver
computes a transmission weight matrix for allowing the transmitter to perform the beamforming from the estimated
channel matrix, and returns a packet including the transmission weight matrix as data to the transmitter. For explicit
feedback, because the weight matrix is computed on the basis of the estimated forward channel matrix, it may not be
assumed that the channels are reciprocal.
[0019] In view of packet transmission, the transmitter is an initiator and the receiver is a terminator. However, in view
of beamforming, the initiator for transmitting the packet is a beamformer and the terminator for receiving the beamformed
packet is a beamformee. Communication from the beamformer to the beamformee is referred to as "forward," and
communication from the beamformee to the beamformer is referred to as "backward." For example, when an access
point (AP) transmits a data frame to a client terminal (STA) as the beamformer, explicit feedback requires that the access
point performs beamforming on the basis of channel information transmitted from the client terminal.
[0020] For explicit feedback, the beamformer can receive explicit feedback of the estimation channel matrix from the
beamformee. The feedback format of the estimation channel matrix can generally be classified into two different cases.
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In one case, a MIMO channel coefficient is sent; while in another case, a transmission weight matrix V for beamforming
is computed by the beamformee. The former format is called channel state information (CSI). The beamformer needs
to compute the transmission weight matrix V for beamforming by constructing the channel matrix H from received CSI,
thereby performing the singular value decomposition. The latter is further classified into a case where transmission
weight matrix V for beamforming is sent in an uncompressed format, and a case where transmission weight matrix V
for beamforming is sent in a compressed format. According to the explicit feedback, a processing burden for estimating
the channel matrix in the beamformer and a processing burden for calculating the transmission weight matrix from the
channel matrix are reduced.
[0021] Fig. 12 shows a frame exchange procedure for transmitting beamforming from the access point to the client
terminal by explicit feedback.
[0022] This procedure is initiated by the access point which sends a sounding packet including a CSI feedback request.
[0023] The sounding packet includes the training sequence excited by the channel matrix. Accordingly, when the
sounding packet is received, the client terminal divides the spatial stream training to estimate channel matrix H and
collects the CSI. CSI data is included in the packet as a CSI feedback (CFB), and returned to the access point.
[0024] The access point computes the transmission weight matrix for beamforming from received CFB, and multiplies
the transmission signal by the transmission weight matrix for beamforming to transmit the beamformed packet to the
client terminal. By beamforming, even if the client terminal is located at a place where wireless communication was
difficult in the past, the client terminal may still perform wireless communication at a high transmission rate.
[0025] Subsequently, an operation for performing beamforming according to explicit feedback will be described with
reference to Fig. 13. In Fig. 13, a first client terminal STA-A having three antennas is a beamformer, a second client
terminal STA-B having two antennas is the beamformee. Feedback is performed based on the CSI format. In the following
description or equations, a subscript AB indicates forward transmission from STA-A to STA-B. A numerical subscript
corresponds to antenna number of the corresponding client terminal.
[0026] The training sequence transmitted from the antennas of STA-A is (tAB1, tAB2, tAB3) and the signals received by
the antennas of STA-A through a channel HAB are (rAB1, rAB2). The following equation is obtained. 

where, channel matrix HAB is a 233 matrix expressed by equation (2). Here, hij is a channel characteristics value of the
j-th antenna of STA-A to the i-th antenna of STA-B. 

[0027] When channel matrix HAB is subjected to singular value decomposition, equation (3) is obtained. Here, UAB is
a matrix having an inherent normalized vector of HABHAB

H, VAB is an inherent normalized vector of HAB
HHAB, and DAB

is a diagonal matrix having a square root of an inherent vector of HABHAB
H or HAB

HHAB as the diagonal elements. In
addition, UAB and VAB are unitary matrices, namely complex conjugates of transposed matrices become the inverse of
the matrices. 

[0028] The transmission weight matrix necessary for forming the frame transmitted from STA-A to STA-B is matrix
VAB obtained by performing the singular value decomposition with respect to forward channel matrix HAB. When the
beamformee receives a sounding packet, the beamformee divides the sounding packet into spatial stream trainings to
construct estimation channel matrix HAB. The CSI composed of MIMO channel coefficients h11, h12, etc., which are
elements of the channel matrix is collected and fed back to STA-A.
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[0029] If a transmission vector composed of transmission signals of the antennas of STA-A is x, and a reception signal
of STA-B is y, the reception signal becomes y=HABx in a case where the beamforming is not performed (un-steered),
but reception signal y becomes equation (4) in a case where the beamforming are performed by transmission weight
matrix VAB (steered). 

[0030] Accordingly, STA-B can perform spatial division to the original stream by multiplying a reception vector including
the reception signals of the antennas by DAB

-1UAB
H as a reception weight.

[0031] When beamforming according to the explicit feedback is performed with the CSI format, there is a reduced
burden on a process of estimating the channel matrix in the beamformer. However, the terminal, which is the beamformer,
computes the transmission weight matrix for beamforming by performing the singular value decomposition, or other
calculation methods, with respect to the channel matrix fed back from the beamformee. This is a heavily loaded calculation
and the load increases depending on the dimension of the channel matrix.
[0032] In an example shown in Fig. 13, STA-A includes three antennas (N=3), and STA-B includes two antennas
(M=2). Because there are more antennas in STA-A than in STA-B, no problem is caused in the processing capability
for beamforming. This is because STA-A is designed to include the processing capability corresponding to N of its own
streams; and an N3M channel matrix is constructed on the basis of the CSI fed back from the beamformee to perform
computation of the matrix for beamforming on the basis of the channel matrix.
[0033] However, for N<M, that is, the number of antennas of the beamformee is larger than that of the beamformer,
problems may be caused because the beamformer does not include the processing capability which exceeds the number
of its own spatial streams. When STA-A can process only N streams, which is equal to the number of antennas, the
matrix for beamforming may not be obtained from the N3M estimation channel matrix.
[0034] In order to solve such a problem without deteriorating the beamforming characteristics, it may be considered
that a channel estimation maximum dimension Mmax corresponding to a rated maximum number of antennas is given
to STA-A as the beamformee (for example, if it is based on the IEEE specification, Mmax=4), and a processing capability
for computing the transmission weight matrix for beamforming is given to the obtained Mmax3N estimation channel matrix.
[0035] For example, when STA-A includes two antennas (i.e. N=2) and the rated maximum number of antennas is
Mmax=4, STA-A can compute only a 232 matrix for communication with the terminal having the same number of antennas,
but must compute a 432 matrix. In this case, calculation or processing circuit needs to be doubled, which renders it
difficult to reduce the size and the cost of the communication apparatus.

Disclosure of Invention

[0036] The invention is defined by the independent claims. Preferred embodiments of the invention are stipulated in
the dependent claims. While several embodiments and/or examples have been disclosed in this description, the subject
matter for which protection is sought is strictly and solely limited to those embodiments and/or examples encompassed
by the scope of the appended claims. Embodiments and/or examples mentioned in the description that do not fall under
the scope of the claims are useful for understanding the invention.
[0037] There are provided a wireless communication system, a wireless communication apparatus, and a wireless
communication method, which are capable of performing communication at a high transmission rate by a beamformed
packet by allowing a terminal, which is operated as a beamformer, to obtain a transmission weight matrix on the basis
of an estimation channel matrix fed back from a terminal, which is operated as a beamformee.
[0038] There are also provided a wireless communication system, a wireless communication apparatus, and a wireless
communication method, which are capable of performing beamforming by explicit feedback without deteriorating beam-
forming characteristics, nor increasing a processing capability of channel estimation or a computing capability of a matrix
for beamforming in the beamformer, even when the number of antennas of a terminal, which is a beamformer, is smaller
than that of a beamformee.
[0039] According to a first embodiment, there is provided a wireless communication system for transmitting spatially
multiplexed streams from a first terminal including N antennas to a second terminal including M antennas (N is an integer
of 2 or more and M is an integer of 1 or more), the system including: notifying means for notifying the second terminal
of a maximum dimension Mmax at the time of computing a transmission weight matrix for beamforming of the first terminal
(Mmax is an integer of N or less); training means for transmitting a packet including training sequence corresponding to
the number N of antennas of the first terminal and the number M of antennas of the second terminal from the first terminal
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to the second terminal; channel matrix estimation means for dividing the training sequence received by the antennas of
the second terminal into M streams, and estimating a channel matrix; channel information feedback means for suppressing
a dimension number of the channel matrix estimated by the second terminal to Mmax or less rows and N columns, and
feeding back the suppressed channel matrix to the first terminal in consideration of the maximum dimension Mmax at
the time of computing the transmission weight matrix for beamforming in the first terminal, in a case of N<M; transmission
weight matrix computation means for obtaining the transmission weight matrix for beamforming at the time of transmitting
data from the first terminal to the second terminal using the channel matrix having Mmax or less rows and N columns
fed back from the second terminal to the first terminal; and beamforming means for performing beamforming in trans-
mission signals of the antennas of the first terminal using the transmission weight matrix for beamforming when a data
packet is transmitted from the first terminal to the second terminal.
[0040] The term "system" described herein indicates a logical set of apparatuses (or function modules for realizing
specific functions). It is appreciated that the apparatuses or the function modules are not necessarily included in a single
housing. The same is true in the following descriptions.
[0041] In order to realize high speed wireless communication, there is provided a MIMO communication method, which
employs a plurality of antenna elements in a transmitter and a receiver, thereby communicating via spatially multiplexed
streams. In particular, in a closed loop type MIMO communication system, a terminal that transmits a data packet
performs beamforming on the basis of feedback of information on an estimation channel matrix from a receiving terminal,
such that a plurality of spatial orthogonal multiplexed propagation channels, which are logically independent, are realized,
and the receiving terminal can extract a plurality of original signal sequence without crosstalk, thereby theoretically
accomplishing a maximum performance.
[0042] In order to perform feedback of the channel matrix from the receiving terminal to the transmitting terminal, for
example, two kinds of procedures, that is, "implicit feedback" and "explicit feedback," are defined in the EWC HT MAC
specification. Among them, in the explicit feedback, the first terminal, which is operated as a beamformer, performs
beamforming of a transmission packet using the transmission weight matrix for beamforming based on the channel
information fed back from the second terminal, which is operated as a beamformee.
[0043] When the beamforming according to the explicit feedback is performed with the CSI format, there is a reduced
burden on estimating the channel matrix in the beamformer.
[0044] However, for N<M, that is, the number of antennas of the beamformee is larger than that of the beamformer,
problems may arise, because the beamformer does not include the processing capability, which exceeds the number
of its own spatial streams . When terminal STA-A can process only N streams, which is equal to the number of antennas,
the matrix for beamforming may not be obtained from the M3N estimation channel matrix.
[0045] In the wireless communication system according to a first embodiment, when beamforming is performed ac-
cording to the explicit feedback, the maximum dimension Mmax for computing the transmission weight matrix for beam-
forming of the first terminal is pre-notified to the second terminal, and the second terminal transmits the packet including
the training sequence for exciting the Mmax3N forward channel matrix in correspondence with the maximum dimension
Mmax of the matrix operation of the first terminal and the number N of antennas of the first terminal. In other words, the
second terminal suppresses the dimension of the estimation matrix to be less than or equal to the maximum dimension
Mmax of the matrix operation of the first terminal, and returns the CSI information. Accordingly, the first terminal can
obtain the transmission weight matrix for beamforming in a range of the processing capability corresponding to the
number of its own antennas.
[0046] Accordingly, in one embodiment, when a closed loop type MIMO communication is performed by the explicit
feedback, the channel estimation, in which the dimension number is suppressed according to the number of antennas
of the beamformer, is fed back from the beamformee. Thus, the first terminal, which is operated as the beamformer, can
perform the computation of the transmission weight matrix for beamforming, in which the dimension number is sup-
pressed, thereby reducing the circuit size of the first terminal.
[0047] In more detail, compared with a case where an M3N channel matrix is fed back, the circuit size of a buffer part
for receiving the CSI information can be reduced to an order of (N/M)2. In addition, because the transmission weight
matrix for beamforming is computed from an N3N channel matrix, the circuit size of the beamforming transmission
weight matrix computation unit can be reduced to an order of (N/M)2, compared with the case where the transmission
weight matrix is computed from the M3N channel matrix. Due to the reduction of circuit size, it is possible to reduce
power consumption of the apparatus.
[0048] Because the CSI information fed back in the channel is reduced from M3N to N3N, overhead is reduced,
thereby improving the overall throughput of the system.
[0049] Due to the reduction of circuit size and the reduction of channel overhead, it is possible to reduce delay related
to a communication process and to reduce time for applying the beamforming, thereby performing the beamforming
based on fresh channel information. It is possible to minimize the deterioration of characteristics by the beamforming
according to the fresh channel information.
[0050] In one embodiment, means for notifying the maximum dimension Mmax at the time of computing the transmission
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weight matrix for beamforming of the first terminal to the second terminal is not specially limited.
[0051] For example, in the EWC specification, it is defined that any HT function supported by a HT terminal is transmitted
as the HT capability element, and is declared. In the HT capability element, a transmit beamforming (TxBF) capability
field for describing the existence of support of any HT function for beamforming is provided. Accordingly, when the
terminal operated as the beamformee performs the explicit feedback, a capability description field for describing the
spatial dimension number of the sounding packet, which can be received from the beamformer, is included. A field for
describing the spatial dimension number allowed to the CSI information when the beamformer performs the explicit
feedback may be further defined in the capability description field.
[0052] The HT capability element may be included in a predetermined management frame. For example, when the
wireless communication apparatus is operated as an access point, the HT capability field may be included in a type of
transmission frame. The transmission frame may be a beacon which is notified in a frame period, a measure pilot, an
association response and a re-association response which respond to the request of association from the client terminal,
or a probe response which responds to the request of BBS information from the client terminal. When the wireless
communication apparatus is operated as a client terminal (or a communication station other than the access point), the
HT capability field may be included in a type of transmission frame of an association request and re-association request
for requesting network association to the access point, and a probe request for requesting BSS information to the access
point. Accordingly, even when the wireless communication apparatus is operated as either an access point or a client
terminal, the wireless communication apparatus can notify the beamformee of the maximum dimension number allowed
to the CSI information as the beamformer by transmitting the HT capability element.
[0053] Alternatively, it is considered that the beamformer specifies the maximum spatial dimension of the CSI infor-
mation in the packet for requesting the CSI information to the beamformee. For example, the CSI/Steering field for
requesting the CSI information is provided in the HT control field of the MAC frame defined in the EWC specification,
and a packet transmission source can request the CSI information in the packet unit. Accordingly, a field for describing
the spatial dimension number allowed to the CSI information may be further defined in the HT control field.
[0054] The beamformer may include the signal for requesting the CSI information in the sounding packet including
the training sequence for exciting the channel.
[0055] In the EWC specification, a zero length frame (ZLF) (also called a null data packet (NDP), hereinafter referred
to as "ZLF") dedicated to the sounding packet is defined. The ZLF includes only a PHY header part including the training
sequence for exciting the channel and does not include an MAC frame. Because the ZLF does not have the MAC header,
the CSI information cannot be requested by the HT control field. In such a case, the training means does not include
the signal for requesting the CSI information in the sounding packet and requests the CSI information in the HT control
field of a general packet previously transmitted thereto. The maximum spatial dimension number of the CSI information
is specified in the general packet.
[0056] According to a second embodiment, there is provided a wireless communication system which performs data
transmission using spatially multiplexed streams from a first terminal including N antennas to a second terminal including
M antennas (N is an integer of 2 or more and M is an integer of 1 or more), the system including: training means for
transmitting a packet including training sequence corresponding to the number N of antennas of the first terminal and
the number M of antennas of the second terminal from the first terminal to the second ’ terminal; channel matrix estimation
means for dividing the training sequence received by the antennas of the second terminal into M streams and estimating
an M3N channel matrix; channel information feedback means for feeding back the M3N channel matrix estimated in
the second terminal to the first terminal; transmission weight matrix computation means for obtaining a transmission
weight matrix for beamforming at the time of transmitting data from the first terminal to the second terminal in an N3N
range of the M3N channel matrix fed back from the second terminal to the first terminal, in consideration of the number
N of antennas of the first terminal; and beamforming means for performing beamforming in transmission signals of the
antennas of the first terminal using the transmission weight matrix for beamforming when a data packet is transmitted
from the first terminal to the second terminal.
[0057] In the wireless communication system according to the second embodiment, the beamforming performed
according to the explicit feedback is different from that of the first embodiment. The primary difference is in that a
procedure of notifying the second terminal of the maximum dimension Mmax for computing the transmission weight matrix
for beamforming of the first terminal is omitted in the second embodiment. In this case, the second terminal estimates
an M3N channel matrix and feeds back the channel matrix without any changes, and the first terminal obtains the
transmission weight matrix for beamforming in an N3N range of the M3N channel matrix in consideration of the number
N of its own antennas. That is, the first terminal can perform the computation of the transmission weight matrix for
beamforming in the range of the processing corresponding to the number of its own antennas to reduce the circuit size
of the first terminal.
[0058] In the wireless communication system according to the second embodiment, the circuit size of the buffer part
for receiving the CSI information cannot be reduced, or the overhead due to the feedback of the CSI information cannot
be reduced, because M3N channels are fed back, but the transmission weight matrix for beamforming is computed
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from the N3N channel matrix. Accordingly, the circuit size of the beamforming transmission weight matrix computation
unit can be reduced to an order of (N/M)2, compared with the case where the transmission weight matrix is computed
from the M3N channel matrix. Due to the reduction in circuit size, it is possible to reduce power consumption of the
apparatus. Due to the reduction in circuit size, it is possible to reduce delay related to a communication process and to
reduce time for applying the beamforming and thus to perform the beamforming based on fresh channel information. It
is possible to significantly suppress the deterioration of characteristics by the beamforming according to the fresh channel
information.
[0059] According to the embodiment, there are provided a wireless communication system, a wireless communication
apparatus, and a wireless communication method, which are capable of performing communication at a high transmission
rate by a beamformed packet by allowing a terminal, which is operated as a beamformer to suitably set a transmission
weight matrix on the basis of an estimation channel matrix fed back from a terminal, which is operated as a beamformee.
[0060] According to the embodiment, there are provided a wireless communication system, a wireless communication
apparatus, and a wireless communication method, which are capable of suitably performing beamforming without in-
creasing a processing capability of channel estimation, or a computing capability of a matrix for beamforming in the
beamformer, even when the number of antennas of a terminal, which is a beamformer, is smaller than that of a beam-
formee.
[0061] In the wireless communication system according to the embodiment, when beamforming is performed on the
basis of a backward channel estimation result by the explicit feedback, and the number of antennas of a terminal of a
transmitter side is smaller than that of a terminal of a receiver side, a transmission weight matrix for beamforming in
which the dimension is suppressed can be computed by previously notifying of a spatial dimension number in the terminal
of the transmitter side, thereby reducing the circuit size of the terminal of the transmitter side.
[0062] According to the embodiment, in the explicit feedback, it is possible to reduce the circuit size of the apparatus
operated as the beamformer, thereby reducing power consumption of the apparatus, by suppressing the dimension
number of the channel matrix fed back from the beamformee, or suppressing the dimension number of the computation
of the transmission weight matrix for beamforming in the beamformer.
[0063] Because the CSI information fed back from the beamformee to the beamformer is reduced from M3N to N3N,
overhead is reduced, thus improving the overall throughput of the system.
[0064] Due to the reduction in circuit size and the reduction of channel overhead, it is possible to reduce delay related
to a communication process and to reduce time for applying the beamforming, and thus to perform the beamforming
based on fresh channel information. It is possible to minimize the deterioration of characteristics by the beamforming
according to the fresh channel information.
[0065] Other features and/or advantages of the invention will become apparent and more readily appreciated from
the following description of the embodiments, taken in conjunction with the accompanying drawings.

Brief Description of Drawings

[0066]

Fig. 1 is a schematic diagram illustrating an operation procedure of explicit feedback, according to an embodiment
consistent with the invention.
Fig. 2 illustrates a transmitter of a wireless communication apparatus, which can be operated as an STA-A (or STA-
B) shown in Fig. 1.
Fig. 3 illustrates a receiver of the wireless communication apparatus, which can be operated as the STA-A (or STA-
B) shown in Fig. 1.
Fig. 4 shows a format of a HT capability element.
Fig. 5 shows a Tx beamforming capability field.
Fig. 6 shows a HT control field of an MAC frame defined in the EWC specification.
Fig. 7 shows a CSI/steering field.
Fig. 8A shows an example of a transmission operation of a ZLF packet.
Fig. 8B shows an example of the transmission operation of the ZLF packet.
Fig. 9 illustrates a method of dividing a spatial stream training from a sounding packet transmitted from STA-A,
thereby estimating a channel matrix.
Fig. 10 is a flowchart illustrating a process when operating the wireless communication apparatuses shown in Figs .
2 and 3 as a beamformer on the basis of the explicit feedback.
Fig. 11 is a flowchart illustrating a process when operating the wireless communication apparatuses shown in Figs.
2 and 3 as a beamformee on the basis of the explicit feedback.
Fig. 12 illustrates a frame exchange procedure for transmitting beamforming from an access point to a client terminal
by explicit feedback.
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Fig. 13 is a view illustrating a calculation process for performing the beamforming according to the explicit feedback.
Fig. 14 is a view showing an aspect of using two bits of B25 to B26 of a Tx beamforming capability field as a
"maximum CSI dimension at beamformer" field.

Best Mode for Carrying Out the Invention

[0067] Hereinafter, embodiments will be described in detail with reference to the accompanying drawings.
[0068] A wireless communication system according to an embodiment may perform closed loop type MIMO commu-
nication. Particularly, a transmitter terminal may perform beamforming in order to perform feedback for a channel matrix,
for example, the "explicit feedback" defined in the EWC HT MAC specification. For explicit feedback, a beamformer
performs beamforming on a transmission packet using a transmission weight matrix for beamforming obtained on the
basis of an estimation channel matrix fed back from a beamformee, so as to establish communication.
[0069] However, a terminal has a processing capability for performing channel estimation, or a processing capability
for computing a matrix for beamforming. The processing capability depends largely on the number of antennas that the
terminal includes. Accordingly, if the beamformer includes a large number of antennas, the beamformer may not obtain
a matrix for beamforming, because the spatial dimension number of the matrix is large even when an estimation channel
matrix is fed back from the beamformee.
[0070] In the wireless communication system, according to the embodiment, when beamforming is performed according
to explicit feedback, the beamformee is pre-notified of a maximum dimension Mmax for computing the transmission
weight matrix for beamforming of the beamformer. The beamformee transmits the packet including a forward channel
matrix information having Mmax or fewer rows and N columns in correspondence with maximum dimension Mmax of the
matrix operation of the beamformer. In other words, the beamformee suppresses the dimension number of the estimation
channel matrix to be less than or equal to maximum dimension Mmax and returns the CSI information. Accordingly, the
beamformer can obtain the transmission weight matrix for beamforming in a range of the processing capability corre-
sponding to the number of its own antenna.
[0071] Fig. 1 is a schematic diagram illustrating an operation procedure of explicit feedback according to an embod-
iment. Here, a terminal STA-A, which is operated as a beamformer, includes a first number of antennas. In this particular
embodiment, the first number is two, which is equal to a maximum dimension number when computing the transmission
weight matrix for beamforming. A terminal STA-B, which is operated as a beamformee, includes a second number of
antennas. In this particular embodiment, the second number is three. This procedure is carried out under the basis of
the EWC MAC specification.
[0072] First, terminal STA-A transmits a sounding packet including a training sequence to terminal STA-B, and performs
a CSI request in explicit feedback. Terminal STA-A includes information of the maximum dimension number when
computing the transmission weight matrix for beamforming in the CSI request. Terminal STA-B is pre-notified of the
maximum dimension number by a separate procedure.
[0073] The sounding packet transmitted from terminal STA-A excites a 332 forward channel matrix. Terminal STA-B
is designed to include processing capability corresponding to the number of its own streams . When the sounding packet
is received, the 332 forward channel matrix can be generated without a problem.
[0074] Terminal STA-B suppresses the dimension number of CSI information for feeding back the generated estimation
channel matrix to Mmax3N or less in consideration of the processing capability of terminal STA-A. The feedback of CSI
information is suitable when a fewer number of spatial streams is used either in the transmission capability of terminal
STA-A or in a reception capability of terminal STA-B. For example, only one or two spatial streams is used.
[0075] When receiving the CSI information, terminal STA-A can compute the transmission weight matrix for beam-
forming in the processing capability, thereby reducing the circuit size of the terminal.
[0076] Thereafter, the request of sounding packet, the channel estimation due to the reception of sounding packet,
and the computation of the transmission weight matrix for beamforming are repeatedly performed whenever terminal
STA-A performs the beamforming.
[0077] Because the dimension number of the channel estimation is suppressed according to the number of antennas
of terminal STA-A, the channel estimation is fed back from terminal STA-B. Terminal STA-A, which is operated as the
beamformer, can obtain the transmission weight matrix for beamforming in which the dimension number is suppressed,
thereby reducing the circuit size of terminal STA-A.
[0078] More specifically, in one example, if Mmax = N, the circuit size of a buffer part for receiving the CSI information
can be reduced to an order of (N/M)2, compared with a case where an M3N channel matrix is fed back (in this case,
N=2 and M=3) . In addition, because the transmission weight matrix for beamforming is computed from an N3N channel
matrix, the circuit size of the beamforming transmission weight matrix computation unit can be reduced to an order of
(N/M)2, compared with the case where the transmission weight matrix is computed from the M3N channel matrix. Due
to the reduction in circuit size, it is possible to reduce power consumption of the apparatus.
[0079] Because the CSI information fed back in the channel is reduced from M3N to N3N, overhead is reduced and
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thus the overall throughput of the system can be improved.
[0080] Due to the reduction in circuit size and the reduction in channel overhead, it is possible to reduce delay related
to a communication process and to reduce time for applying the beamforming, thereby performing the beamforming
based on fresh channel information. It is possible to minimize the deterioration of beamforming characteristics according
to the fresh channel information.
[0081] Compared with a case where the beamforming is performed using the M3N estimation channel matrix, the
characteristics may be deteriorated, but the fresh channel information can be applied for a short time due to the overhead
reduction. Accordingly, the deterioration may be minimized.
[0082] In order to realize the above-described beamforming procedure, channel estimation maximum dimension Mmax
of the beamformer needs to be notified to the beamformee.
[0083] For example, in the EWC specification, it is defined that any HT function supported by a HT terminal is transmitted
as the HT capability element and is declared. In the HT capability element, a transmit beamforming (TxBF) capability
field for describing the existence of the support of any HT function for beamforming is provided.
[0084] Fig. 4 shows a format of the HT capability element. In the TxBF capability field, HT function of the beamforming
is specified. Fig. 5 shows the configuration of the Tx beamforming capability field.
[0085] The Tx beamforming capability field has 32 bits, but, among them, 19th to 20th bits are allocated to the CSI
number of beamformer antennas, 21st to 22nd bits are allocated to the uncompressed steering matrix of beamformer
antennas, and 23rd to 24th bits are allocated to the compressed steering matrix of beamformer antennas. In these fields,
the spatial dimension number of the sounding packet which can be received from the beamformer when the beamformee
performs the explicit feedback with each format is described. A field for describing the spatial dimension number allowed
to the CSI information when the beamformer performs the explicit feedback may be further defined in the field. As an
additional defining method, for example, information on the maximum spatial dimension when receiving the sounding
packet is described using a partial bit field of B25 to B31 which is a "reserved" area in the current Tx beamforming
capability field. In particular, two bits of B25 to B26 are used as "maximum CSI dimension at beamformer" field (see Fig.
14). A matrix having one row and N columns is defined as a maximum, if the value thereof is zero; a matrix having two
rows and N columns is defined as a maximum, if the value thereof is one; a matrix having three rows and N columns is
defined as a maximum, if the value thereof is two; and a matrix having four rows and N columns is defined as a maximum,
if the value thereof is three, thereby representing the spatial dimension number allowed to the CSI information when
receiving the sounding packet.
[0086] The HT capability element may be included in a predetermined management frame. For example, when terminal
STA-A is operated as the access point, the HT capability field may be included in a transmission frame. The transmission
frame may be one of: the beacon, which is notified in each frame period, a measure pilot; both an association response
and a re-association response, which respond to the request of association from the client terminal; and a probe response,
which responds to the request of Basic Service Set (BSS) information from the client terminal, such that the dimension
number of CSI information is notified to terminal STA-B, which participates in the network operated by terminal STA-A.
When terminal STA-A is operated as the client terminal (or a communication station other than the access point), the
HT capability field may be included in a transmission frame. The transmission frame may be one of: both an association
request and re-association request for requesting network association to terminal STA-B, which is operated as the
access point; and a probe request for requesting BSS information to the access point. Accordingly, even when terminal
STA-A is operated as either the access point or the client terminal, terminal STA-A can notify terminal STA-B of the
maximum dimension number allowed to the CSI information by transmitting the HT capability element.
[0087] The CSI dimension information described in the HT capability element transmitted from terminal STA-A is
efficient in a terminal other than terminal STA-B. For example, when terminal STA-A performs implicit beamforming
using the CSI feedback with respect to a terminal STA-C (not shown), the CSI dimension information is not sent again.
[0088] Alternatively, it is considered that the beamformer specifies the maximum spatial dimension of CSI information
in the packet for requesting CSI information to the beamformee. Fig. 6 schematically shows a HT control field of the
MAC frame defined in the EWC specification. The HTC field has 32 bits. Among them, in the CSI/steering field at the
22nd to the 23rd bits, a packet transmission source may request the CSI information in the packet unit. A field for describing
the spatial dimension number allowed to the CSI information may be further defined in the HTC field.
[0089] Subsequently, a modified example of the operation procedure of the explicit feedback will be described with
reference to Fig. 1.
[0090] First, terminal STA-A transmits a sounding packet including the training sequence to terminal STA-B, and
performs a CSI request in the explicit feedback. However, terminal STA-A is not notified of the information on the
maximum dimension number at the time of computing the transmission weight matrix for beamforming.
[0091] The sounding packet transmitted from terminal STA-A excites a 332 forward channel matrix. Terminal STA-B
is designed to include processing capability corresponding to the number of its own streams . When the sounding packet
is received, the 332 forward channel matrix can be generated without a problem.
[0092] Terminal STA-B feeds back the 332 channel matrix to terminal STA-A as the CSI information without change.
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The feedback of CSI information is suitable when a fewer number of spatial streams is used either in the transmission
capability of the STA-A or in a reception capability of the STA-B. For example, only one or two spatial streams is used.
[0093] Terminal STA-A requests the transmission weight matrix for beamforming in a 232 range of the 332 channel
matrix in consideration of the number of its own antennas.
[0094] Thereafter, the request of the sounding packet, the channel estimation due to the reception of the sounding
packet, and the computation of the transmission weight matrix for beamforming are repeatedly performed whenever
terminal STA-A performs the beamforming.
[0095] Because terminal STA-A obtains the transmission weight matrix for beamforming by the dimension number in
the range of its own number of antennas, it is possible to reduce the circuit size.
[0096] In this case, terminal STA-A does not reduce the circuit size of the buffer part for receiving the CSI information
or the feedback overhead of the CSI information, but computes the transmission weight matrix for beamforming from
the N3N channel matrix if Mmax=N as a typical example. Accordingly, the circuit size of the beamforming transmission
weight matrix computation unit can be reduced to an order of (N/M)2 (in this case, N=2 and M=3), compared with the
case where the transmission weight matrix is computed from the M3N channel matrix.
[0097] Due to the reduction in circuit size, it is possible to reduce power consumption of the apparatus. Due to the
reduction in circuit size, it is possible to reduce delay related to a communication process and to reduce time for applying
the beamforming, thereby performing the beamforming based on fresh channel information. It is possible to significantly
suppress the deterioration of characteristics by the beamforming according to the fresh channel information.
[0098] In the beamforming procedure shown in Fig. 1, terminal STA-A, which is operated as the beamformer, includes
the signal for requesting the CSI information in the sounding packet, the sounding packet including the training sequence
for exciting the channel. In more detail, in the CSI/steering field provided in the HT control field of the MAC frame, a
feedback method received from the beamformee in the explicit feedback can be specified (see Fig. 7).
[0099] In the EWC specification, a zero length frame (ZLF) dedicated to the sounding packet is defined. The ZLF
includes only a PHY header part including the training sequence for exciting the channel, and does not include an MAC
frame. Because the ZLF does not have the MAC header, the CSI information cannot be requested by the HT control
field. In such a case, the training means does not include the signal for requesting the CSI information in the sounding
packet. Instead, the training means requests the CSI information in the HT control field of a general packet transmitted
prior to the sounding packet.
[0100] Fig. 8A shows an example of a transmission operation of the ZLF packet. As shown, the ZLF packet is transmitted
when a short interframe space (SIFS) or a reduced inter frame space (RIFS) elapses after a general data packet is
transmitted. In the HT control field in the MAC header included in the general data packet, the CSI request for the
subsequent ZLF packet is performed by specifying the CSI/Steering field.
[0101] In an example shown in Fig. 8B, terminal STA-A requests the feedback of the CSI information in the data frame
for requesting an immediate response, but declares that the ZLF is continuously transmitted therein. When terminal
STA-B returns an ACK according to the immediate response, terminal STA-A transmits the ZLF when the SIFS elapses
after the ACK is received.
[0102] Figs. 2 and 3 show the configurations of the transmitter and the receiver of a wireless communication apparatus,
which can be operated as terminal STA-A (or terminal STA-B) in the wireless communication system shown in Fig. 1,
respectively. The number of antennas of terminal STA-A is N, while the number of antennas of terminal STA-B is M.
Here, N or M is at most four, for example, on the basis of the IEEE specification, but only two antennas are shown in
the figures in order to avoid conflict of the figures.
[0103] Transmission data supplied to a data generator 100 is scrambled by a scrambler 102. Subsequently, error
correction encoding is performed by an encoder 104. For example, in the EWC HT PHY specification, the scrambling
and encoding methods are defined according to the definition of IEEE 802.11a. The encoded signal is input to a data
division unit 106 to be divided into transmission streams.
[0104] In a case where the apparatus is operated as the beamformer, data generator 100 generates an MAC frame
for describing the request of CSI information when performing the explicit feedback. In a case where the apparatus is
operated as the beamformee, a channel matrix estimation unit 216a of the receiver constructs a data frame including
the CSI information on the basis of the estimated channel matrix, in response to the reception of the CSI information
request.
[0105] In each transmission stream, the transmission signal is punctured by a puncture 108 according to a data rate
applied to each stream, interleaved by an interleaver 110, mapped to an IQ signal space by a mapper 112, thereby
becoming a conjugate baseband signal. In the EWC HT PHY specification, an interleaving scheme expands the definition
of IEEE 802.11a, such that the same interleaving is not performed among a plurality of streams. As the mapping scheme,
BPSK, QPSK, 16QAM, or 64QAM is applied according to IEEE 802.11a.
[0106] A selector 111 inserts the training sequence into the transmission signal of each interleaved spatial stream at
an adequate timing and supplies it to mapper 112. The training sequence includes the HT-STF (short training field) for
improving the AGC in the MIMO system and the HT-LTF (long training field) for performing the channel estimation for
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each input signal, which is spatially modulated in the receiver.
[0107] When beamforming is performed with respect to the transmission signal, in a spatial multiplexer 114, a beam-
forming transmission weight matrix computation unit 114a calculates transmission weight matrix V for beamforming from
channel matrix H using a computation method such as the singular value decomposition. A transmission weight matrix
multiplication unit 114b multiplies the transmission vector having the transmission streams as the element by the trans-
mission weight matrix V, thereby performing the beamforming. When transmitting the sounding packet, the beamforming
is not performed with respect to the transmission signal.
[0108] When the explicit feedback using the CSI format is performed, beamforming transmission weight matrix com-
putation unit 114a computes the transmission weight matrix using the forward channel matrix constructed based on the
CSI information fed back from the beamformee. When the CSI dimension information is notified to the beamformee as
the maximum dimension number computed by beamforming transmission weight matrix computation unit 114a, the CSI
information returned from the beamformee is the channel information, in which the dimension number is suppressed to
Mmax3N. When the CSI dimension information is not notified to the beamformee, the CSI information returned from the
beamformee becomes the M3N channel matrix estimated by the beamformee. In the latter case, the beamforming
transmission weight matrix computation unit 114a extracts only Mmax rows from the MxN matrix, constructs an Mmax3N
forward channel matrix, and performs the singular value decomposition with respect to the Mmax3N forward channel
matrix to obtain the transmission weight matrix V. In either case, the circuit size of the beamforming transmission weight
matrix computation unit can be reduced to an order of (Mmax/M)2, compared with the case where the transmission weight
matrix is computed from the M3N channel matrix.
[0109] An inverse fast Fourier transform unit (IFFT) 116 converts the subcarriers arranged in a frequency domain into
a time domain signal. A guard insertion unit 118 adds a guard interval. A digital filter 120 performs band limitation, a
Digital-Analog converter (DAC) 122 converts the band-limited signal into an analog signal, and an RF unit 124 up-
converts the analog signal to an adequate frequency band and transmits the converted signal to the channel through
each transmission antenna.
[0110] Meanwhile, the data which reaches the receiver through the channel is analog-processed in an RF unit 228,
converted into a digital signal by an Analog-Digital converter (ADC) 226, and input to a digital filter 224, in each reception
antenna branch.
[0111] Subsequently, a synchronization circuit 222 performs processes including packet detection, timing detection,
and frequency offset correction. A guard removing unit 220 removes the guard interval added to the top of the data
transmission section. Fast Fourier transform unit (FFT) 218 transforms a time domain signal to a frequency domain signal.
[0112] A space division unit 216 performs a space division process of the spatially multiplexed reception signal. In
particular, a channel matrix estimation unit 216a divides the spatial stream training included in the PHY header of the
sounding packet and constructs an estimation channel matrix H from the training sequence.
[0113] An antenna reception weight matrix computation unit 216b computes an antenna reception weight matrix W
on the basis of channel matrix H obtained by channel matrix estimation unit 216a. In a case where the beamforming is
performed with respect to the reception packet and the estimation channel matrix is subjected to the singular value
decomposition, the estimation channel matrix becomes equal to an UD (see Equation 3) and antenna reception weight
W is calculated therefrom. A method for calculating antenna reception weight W is not limited to the singular value
decomposition. Other calculation methods, such as zero forcing and MMSE, may be used. An antenna reception weight
matrix multiplication unit 216c multiplies the reception vector having the reception streams as the element by antenna
reception weight matrix W to perform spatial decoding of the spatial multiplexed signal, thereby obtaining independent
signal sequence for each stream.
[0114] For explicit feedback, when the apparatus is operated as the beamformee, the CSI information is constructed
from estimation channel matrix H obtained by channel matrix estimation unit 216a, and fed back from the transmitter to
the beamformer as the transmission data. When the CSI dimension information is notified as the maximum dimension
number, in which the beamformer can compute the transmission weight matrix for beamforming, the N3N channel
matrix, in which the dimension number is suppressed according to the CSI dimension information, is fed back as the
CSI information. When the CSI dimension information is not notified, the CSI information is constructed from M3N
estimation channel matrix H obtained by channel matrix estimation unit 216a without any changes.
[0115] For example, as shown in Fig. 9, if terminal STA-A includes two antennas (i.e. N=2), terminal STA-B includes
three antennas (i.e. M=3), and the wireless communication apparatus is operated as terminal STA-B, that is, the beam-
formee, forward channel matrix H obtained by the channel matrix estimation unit 216a becomes a 332 matrix as expressed
by Equation 5. 
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[0116] When N=2 is notified from terminal STA-A, which is operated as the beamformer, as the CSI dimension infor-
mation, the CSI information is constructed using a 232 channel matrix formed by extracting two rows from the 3x2
channel matrix.
[0117] A channel equalization circuit 214 performs remaining frequency offset correction and channel tracking with
respect to the signal sequence of each stream. A demapper 212 demaps the reception signal on the IQ signal space,
a deinterleaver 210 performs deinterleaving, and a depuncture 208 performs depuncturing at a predetermined data rate.
[0118] A data synthesis unit 206 synthesizes a plurality of reception streams to one stream. This data synthesis process
performs an operation, which is opposed to the data division performed in the transmitter. A decoder 204 performs error
correction decoding, a descrambler 202 performs descrambling, and a data acquiring unit 200 acquires the reception data.
[0119] When the apparatus is operated as the beamformer, the CSI information acquired by data acquiring unit 200
is sent to transmission weight matrix computation unit 114a of the transmitter, when explicit feedback is performed.
[0120] In a case where the wireless communication apparatus is operated as the terminal of the data transmission in
the closed loop type MIMO communication, and the beamforming is performed to initiate the transmission of the data
packet or the transmission weight matrix for beamforming is desired to be updated, the sounding packet for exciting the
channel matrix is transmitted to the beamformee to request the feedback of the CSI information.
[0121] The Mmax3N or MxN channel matrix is constructed from the CSI information. In either case, because the
dimension number of the channel matrix, which is suppressed to Mmax3N, is subjected to the singular value decomposition
to compute transmission weight matrix V, the circuit size of the beamforming transmission weight matrix computation
unit can be reduced to an order of (Mmax/M)2, compared with the case where the transmission weight matrix is computed
from the M3N channel matrix.
[0122] When the CSI dimension information is notified to the beamformee, and the Mmax3N channel matrix is received
as the CSI information, the circuit size of a buffer part for receiving the CSI information can be reduced to an order of
(Mmax/M)2, compared with a case where an M3N channel matrix is fed back. Because the CSI information fed back in
the channel is reduced from MxN to Mmax3N, overhead is reduced. Accordingly, the overall throughput of the system
can be improved.
[0123] Due to the reduction in circuit size, it is possible to reduce power consumption of the apparatus.
[0124] Due to the reduction in circuit size and the reduction of the overhead of the channel, it is possible to reduce
delay related to a communication process and to reduce time consumed for applying the beamforming. Thus, it is possible
to perform the beamforming based on fresh channel information. It is possible to minimize the deterioration of charac-
teristics by the beamforming according to the fresh channel information.
[0125] Fig. 10 is a flowchart illustrating a process when the wireless communication apparatus shown in Figs. 2 and
3 are operated as the initiator, that is, the beamformer, on the basis of the explicit feedback procedure. Here, it is assumed
that the beamformer includes N antennas and the beamformee includes M antennas.
[0126] First, the CSI dimension information for describing the maximum spatial dimension number at the time of the
transmission weight matrix for beamforming is notified to the receiver, which is operated as the beamformee (step S1).
Subsequently, the sounding packet for exciting N channels is transmitted to request the CSI information (step S2).
[0127] In order to notify the CSI dimension information, it is possible to employ a method for describing the CSI
dimension information in the HT capability element defined in the EWC specification to be included in a predetermined
management frame. It is also possible to employ a method for describing the CSI dimension information in the HTC field
of the MAC frame of the sounding packet for requesting the CSI information. According to the former, the CSI information
is notified at the time of the beacon transmission or the network association. According to the latter, step S1 and step
S2 are simultaneously performed. The CSI dimension information may not be notified to the beamformee by omitting
step S1.
[0128] Because the channel of N spatial dimensions is excited in the training signal part of the sounding packet and
the beamformee receives the sounding packet through M antennas, it is possible to estimate the M3N channel matrix.
According to the request for the CSI information, the CSI information is prepared on the basis of the estimation channel
matrix and a packet having the CSI information in the data part is returned to the beamformer.
[0129] When the CSI information is received, the beamformer constructs the channel matrix (step S3), and obtains
the transmission weight matrix for beamforming at the time of the forward data transmission (step S4).
[0130] The Mmax3N or MxN channel matrix is constructed from the CSI information. In either case, because the
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channel matrix, in which the dimension number is suppressed to Mmax3N, is subjected to the singular value decomposition
to compute transmission weight matrix V, the circuit size of the beamforming transmission weight matrix computation
unit can be reduced to an order of (Mmax/M)2, compared with the case where the transmission weight matrix is computed
from the M3N channel matrix. Because the CSI information fed back in the channel is reduced from M3N to Mmax3N,
overhead is reduced. Accordingly, the overall throughput of the system can be improved.
[0131] The beamforming is performed in a transmission vector having the transmission signals from the antennas as
the element using the transmission weight matrix for beamforming, and the data packet is transmitted to the receiver
(step S5) . It is possible to make an ideal spatial orthogonal channel by weighting the transmission antennas on the
basis of the channel matrix and performing adequate beamforming directed to the receiver.
[0132] Due to the reduction in circuit size and the reduction in channel overhead, the beamformer can reduce delay
related to a communication process and time for applying the beamforming, thereby performing beamforming based on
fresh channel information. It is possible to minimum the deterioration of characteristics by the beamforming according
to the fresh channel information.
[0133] Fig. 11 a flowchart illustrating a process when the wireless communication apparatus, shown in Figs. 2 and 3,
is operated as the receiver, that is, the beamformee, on the basis of the explicit feedback procedure. Here, it is assumed
that the beamformer includes N antennas, and the beamformee includes M antennas.
[0134] First, the initiator operating as the beamformer receives the CSI dimension information (step S11). Subsequently,
when the sounding packet is transmitted from the beamformer, the channel of N spatial dimensions is excited in the
training signal part. The beamformee receives the sounding packet through the M antennas (step S12), and estimates
the MxN channel matrix (step S13). The CSI information is prepared from the estimation channel matrix, and the packet
including the CSI information in the data part is returned to the beamformer (step S14).
[0135] In step S11, the CSI dimension information is notified using the HT capability element defined in the EWC
specification, or the field of the MAC frame of the sounding packet. Here, notification of the CSI dimension information
may be omitted. When the CSI dimension information is notified, the CSI information is prepared using the channel
matrix, in which the dimension number is suppressed to Mmax3N. When the CSI dimension information is not notified,
the CSI information is prepared from the estimated M3N channel matrix without any changes.
[0136] The initiator obtains the transmission weight matrix for beamforming at the time of the forward data transmission
using the channel matrix obtained from the CSI information. The beamforming is performed in the transmission vector
having the transmission signals from the N antennas as the element using the transmission weight matrix for beamforming,
and the data packet is transmitted.
[0137] The wireless communication apparatus, which is operated as the beamformee, multiplies the reception vector
of the M antennas for receiving the data packet from the initiator by the reception weight matrix to perform spatial decoding
of the spatial multiplexing signal, thereby obtaining the signal sequence, which are independent in each stream. By
beamforming, communication can be performed at a high transmission rate even if the wireless communication apparatus
is located at a place where the packet was difficult to be received in the past.

Industrial Applicability

[0138] Although the invention will be described in detail with reference to specific embodiments, it is apparent to those
skilled in the art that these embodiments may be modified or substituted without departing from the scope of the invention
as claimed.
[0139] Although the MIMO communication system according to the EWC specification in IEEE 802.11n is described
in the present specification, the scope of the invention is not limited thereto. As described above, the MIMO communication
system transmits the spatially multiplexed streams from a first terminal including N antennas to a second terminal
including M antennas. It is appreciated that the invention is applicable to various other types of communication systems,
in which the beamformer performs the beamforming using the channel information fed back from the beamformee.
[0140] For simplicity, an embodiment in which the transmission terminal performs the "direct mapping" for directly
mapping the streams to the antenna branches is described in the present specification. It is appreciated that the invention
is also applicable to employing "spatial expansion" or a conversion method in which the streams do not one-to-one
correspond to the antenna branches.
[0141] Although an embodiment is described based on IEEE 802.11n standard, which is extended from IEEE 802.11
standard, the invention is not limited thereto. The invention is applicable to a variety of wireless communication systems
using an MIMO communication method, such as a mobile WiMax (Worldwide Interoperability for Microwave) based on
IEEE 802.16e, IEEE 802.20 which is a high-speed wireless communication standard for a mobile object, IEEE 802.15.3c
which is a high-speed wireless PAN (Personal Area Network) using 60 GHz (milliwave) band, a wireless HD (High
Definition) which transmitting an uncompressed HD image using wireless transmission of 60 GHz (milliwave) band, and
a fourth generation (4G) mobile telephone.
[0142] It should be understood by those skilled in the art that various modifications, combinations, sub-combinations,
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and alterations may occur depending on design requirements and other factors. All such modifications, combinations,
sub-combinations, and alterations are considered within the scope of the appended claims.

Claims

1. A wireless communication system for transmitting spatially multiplexed streams from a first terminal including a first
number of antennas to a second terminal including a second number of antennas, the first number being an integer
equal to or greater than two, and the second number being an integer equal to or greater than one, the system
comprising:

notifying means for notifying the second terminal of a maximum dimension when computing a transmission
weight matrix for beamforming of the first terminal, the maximum dimension being an integer equal to or less
than the first number;
training means for transmitting a packet including a training sequence, from the first terminal to the second
terminal, the training sequence corresponding to the first number of antennas of the first terminal and the second
number of antennas of the second terminal;
channel matrix estimation means for dividing the training sequence received by the antennas of the second
terminal into a second number of streams and estimating a channel matrix having the second number of rows
and the first number of columns, wherein columns of the channel matrix represent the number of transmission
antennas, and wherein rows of the channel matrix represent the number of reception antennas;
channel information feedback means for suppressing a dimension number of the channel matrix estimated by
the second terminal to a third number of rows and the first number of columns, and feeding back the suppressed
channel matrix to the first terminal in consideration of the maximum dimension when computing the transmission
weight matrix for beamforming in the first terminal, if a number of rows indicated by the maximum dimension is
less than the second number, wherein the third number is equal to or less than the maximum dimension;
transmission weight matrix computation means for obtaining the transmission weight matrix for beamforming
when transmitting data from the first terminal to the second terminal using the channel matrix having the third
number of rows and the first number of columns fed back from the second terminal to the first terminal; and
beamforming means for performing beamforming in transmission signals of the antennas of the first terminal
using the transmission weight matrix for beamforming when a data packet is transmitted from the first terminal
to the second terminal.

2. The wireless communication system according to claim 1,
wherein forward spatially multiplexed stream transmission is performed from the first terminal to the second terminal
based on a standard specification, and a capability description field for describing a maximum spatial dimension of
channel information received by a beamformer in the explicit feedback is defined based on a protocol in the standard
specification; and
wherein the notifying means performs the notification through a predetermined management frame including the
capability description field.

3. The wireless communication system according to claim 2, wherein the notifying means employs a transmission
frame to perform a notification, the transmission frame being one of: a beacon signal, which is notified by the first
terminal operated as an access point in the network in a predetermined frame period; a measure pilot; both an
association response and a re-association response, which respond to a request of association; and a probe re-
sponse, which responds to a request of basic service set information.

4. The wireless communication system according to claim 2, wherein the notifying means employs a transmission
frame to perform a notification, the transmission frame being one of: an association request and a re-association
request for requesting network association to an access point; and a probe request for requesting basic service set
information to the access point; wherein the first terminal is operated as a client terminal and the second terminal
is operated as the access point.

5. The wireless communication system according to claim 1, wherein the notifying means specifies a maximum spatial
dimension through a packet for requesting feedback of channel information from the first terminal to the second
terminal.

6. The wireless communication system according to claim 1, wherein the training means requests feedback of channel
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information from the first terminal to the second terminal by sending the packet including the training sequence.

7. The wireless communication system according to claim 1, wherein the training means requests feedback of channel
information from the first terminal to the second terminal by sending a packet including a data symbol, which is
transmitted prior to the sounding packet when the packet including the training sequence is transmitted without
including the data symbol.

8. A wireless communication apparatus including a first number of antennas for transmitting spatially multiplexed
streams to a receiver including a second number of antennas, the first number being an integer equal to or greater
than two, and the second number being an integer equal to or greater than one, the apparatus comprising:

notifying means for notifying the receiver of a maximum dimension when computing a transmission weight
matrix for beamforming, the maximum dimension being an integer equal to or less than the first number;
training means for transmitting a packet including a training sequence to the receiver, the training sequence
corresponding to the first number of antennas of the apparatus and the second number of antennas of the
receiver, wherein the traininig sequence causes the receiver to estimate a channel matrix having the second
number of rows and the first number of columns;
channel information receiving means for receiving channel information including a channel matrix, the channel
matrix having a third number of rows and the first number of columns, the third number being equal to or less
than the maximum dimension, if a number of rows indicated by the maximum dimension is less than the second
number, when computing the transmission weight matrix for beamforming fed back from the receiver, wherein
columns of the channel matrix represent the number of transmission antennas, and wherein rows of the channel
matrix represent the number of reception antennas;
transmission weight matrix computation means for computing a transmission weight matrix for beamforming
when transmitting data to the receiver using the channel matrix having the third number of rows and the first
number of columns received by the channel information receiving means; and
packet transmitting means for beamforming signals to be transmitted via the antennas of the apparatus using
the transmission weight matrix for beamforming, and transmitting a data packet to the receiver according to the
signals to be transmitted.

9. The wireless communication apparatus according to claim 8,
wherein the spatially multiplexed streams are transmitted to the receiver based on a standard specification, and a
capability description field for describing a maximum spatial dimension of channel information received by a beam-
former in the explicit feedback is defined according to a protocol of the standard specification; and
wherein the notifying means performs the notification through a predetermined management frame including the
capability description field.

10. The wireless communication apparatus according to claim 9, wherein the notifying means employs a transmission
frame, the transmission frame including at least one of: a beacon signal, which is notified in a predetermined frame
period; a measure pilot; both an association response and a re-association response, which respond to the request
of association from the receiver; and a probe response which responds to the request of basic service set information
from the receiver.

11. The wireless communication apparatus according to claim 9, wherein the notifying means employs a transmission
frame, the transmission frame including one of: both an association request and re-association request for requesting
network association to an access point; and a probe request for requesting basic service set information to the
access point; wherein the wireless communication apparatus is operated as a client terminal in a network and the
receiver is operated as the access point.

12. The wireless communication apparatus according to claim 8, wherein the notifying means specifies a maximum
spatial dimension through a packet for requesting the feedback of channel information to the receiver.

13. The wireless communication apparatus according to claim 8, wherein the training means includes a request signal
for requesting feedback of channel information to the receiver in the packet including the training sequence.

14. The wireless communication apparatus according to claim 8, wherein the packet transmission means includes a
request signal for requesting feedback of channel information to the receiver in a packet including a data symbol,
the data symbol being transmitted prior to the sounding packet, when the packet including the training sequence
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not including the data symbol is transmitted.

15. A wireless communication apparatus including a second number of antennas for receiving spatially multiplexed
streams from an initiator including a first number of antennas, the first number being an integer equal to or greater
than two and the second number being an integer equal to or greater than one, the apparatus comprising:

notification receiving means for receiving a maximum dimension when computing a transmission weight matrix
for beamforming of the initiator, the maximum dimension being an integer equal to or less than the first number;
channel matrix estimating means for receiving a packet including a training sequence corresponding to the first
number of antennas of the initiator and the second number of antennas of the wireless communication apparatus
from the initiator, and estimating a channel matrix having the second number of rows and the first number of
columns, wherein columns of the channel matrix represent the number of transmission antennas, and wherein
rows of the channel matrix represent the number of reception antennas;
channel information feedback means for suppressing the channel matrix estimated by the channel matrix esti-
mating means to a third number of rows and the first number of columns, the third number being equal to or
less than the maximum dimension, if a number of rows indicated by the maximum dimension is less than the
second number, and feeding back the suppressed channel matrix to the initiator in consideration of the maximum
dimension when computing the transmission weight matrix for beamforming in the initiator, in a case that the
first number is less than the second number;
data packet receiving means for receiving a data packet beamformed in a transmission weight matrix for beam-
forming requested from the fed-back channel matrix, from the initiator; and
space division means for multiplying a reception vector comprising received signals by a reception weight matrix
obtained from the channel matrix, and performing spatial decoding of spatially multiplexed signals.

16. The wireless communication apparatus according to claim 15,
wherein spatially multiplexed streams are transmitted from the initiator based on a standard specification, and a
capability description field for describing a maximum spatial dimension of channel information received by a beam-
former in the explicit feedback is defined in a protocol according to the standard specification; and
wherein the notification receiving means receives a management frame including the capability description field.

17. The wireless communication apparatus according to claim 16, wherein the notification receiving means receives a
transmission frame, the transmission frame including at least one of: a beacon signal, which is notified in a prede-
termined frame period by the initiator; a measure pilot; both an association response and a re-association response,
which respond to the request of association from the initiator; and a probe response which responds to the request
of basic service set information from the initiator, when the initiator is operated as an access point.

18. The wireless communication apparatus according to claim 16, wherein the notification receiving means receives a
transmission frame, the transmission frame including at least one of: both an association request and re-association
request for requesting network association from the initiator; and a probe request for requesting basic service set
information to an access point; therein the initiator is operated as a client terminal in a network and the wireless
communication apparatus is operated as an access point.

19. The wireless communication apparatus according to claim 15, wherein the notification receiving means receives a
maximum spatial dimension through a packet for requesting the feedback of channel information from the initiator.

20. A wireless communication method for transmitting spatially multiplexed streams from a transmitter including a first
number of antennas to a receiver including a second number of antennas, the first number being an integer equal
to or greater than two, and the second number being an integer equal to or greater than one, the method comprising
the steps of:

notifying the receiver of a maximum dimension when computing a transmission weight matrix for beamforming,
the maximum dimension being an integer equal to or less than the first number;
transmitting a packet including a training sequence to the receiver, the training sequence corresponding to the
first number of antennas of the transmitter and the second number of antennas of the receiver, wherein the
traininig sequence causes the receiver to estimate a channel matrix having the second number of rows and the
first number of columns;
receiving channel information including a channel matrix in consideration of the maximum dimension when
computing the transmission weight matrix for beamforming fed back from the receiver, wherein the channel
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matrix includes a third number of rows and the first number of columns, the third number being equal to or less
than the maximum dimension, if a number of rows indicated by the maximum dimension is less than the second
number, wherein columns of the channel matrix represent the number of transmission antennas, and wherein
rows of the channel matrix represent the number of reception antennas;
obtaining the transmission weight matrix for beamforming when transmitting data to the receiver using the
received channel matrix; and
performing beamforming on signals to be transmitted via the antennas of the transmitter using the transmission
weight matrix for beamforming, and transmitting a data packet to the receiver.

21. A wireless communication method for receiving spatially multiplexed streams from an initiator including a first number
of antennas by a receiver having a second number of antennas, the first number being an integer equal to or greater
than two, and the second number being an integer equal to or greater than one, the method comprising the steps of:

receiving a maximum dimension when computing a transmission weight matrix for beamforming of the initiator,
the maximum dimension being an integer equal to or less than the first number;
receiving from the initiator a packet including a training sequence corresponding to the first number of antennas
of the initiator and the second number of antennas of the receiver, and estimating a channel matrix having the
second number of rows and the first number of columns, wherein columns of the channel matrix represent the
number of transmission antennas, and wherein rows of the channel matrix represent the number of reception
antennas;
suppressing the estimated channel matrix to a third number of rows and the first number of columns, the third
number being equal to or less than the maximum dimension, if a number of rows indicated by the maximum
dimension is less than the second number, and feeding back the suppressed channel matrix to the initiator in
consideration of the maximum dimension when computing the transmission weight matrix for beamforming in
the initiator, in a case that the first number is less than the second number;
receiving a data packet from the initiator terminal, the data packet being beamformed in the transmission weight
matrix for beamforming obtained from the fed- back channel matrix; and
multiplying a reception vector comprised of received signals by a reception weight matrix obtained from the
channel matrix, and performing spatial decoding of spatially multiplexed signals.

Patentansprüche

1. Drahtloses Kommunikationssystem zum Übertragen von räumlich gemultiplexten Strömen von einem ersten End-
gerät, das eine erste Anzahl von Antennen beinhaltet, zu einem zweiten Endgerät, das eine zweite Anzahl von
Antennen beinhaltet, wobei die erste Anzahl eine Ganzzahl gleich oder größer als zwei ist und wobei die zweite
Anzahl eine Ganzzahl gleich oder größer als eins ist, wobei das System Folgendes umfasst:

ein Benachrichtigungsmittel zum Benachrichtigen des zweiten Endgeräts über eine maximale Dimension, wenn
eine Übertragungsgewichtungsmatrix zum Strahlformen des ersten Endgeräts berechnet wird, wobei die ma-
ximale Dimension eine Ganzzahl gleich oder kleiner als die erste Anzahl ist;
ein Trainingsmittel zum Übertragen eines Pakets, das eine Trainingssequenz beinhaltet, vom ersten Endgerät
zum zweiten Endgerät, wobei die Trainingssequenz der ersten Anzahl von Antennen des ersten Endgeräts und
der zweiten Anzahl von Antennen des zweiten Endgeräts entspricht;
ein Kanalmatrixschätzmittel zum Teilen der Trainingssequenz, die von den Antennen des zweiten Endgeräts
empfangen wurde, in eine zweite Anzahl von Strömen und Schätzen einer Kanalmatrix, die die zweite Anzahl
von Zeilen und die erste Anzahl von Spalten aufweist, wobei Spalten der Kanalmatrix die Anzahl von Übertra-
gungsantennen repräsentieren und wobei Zeilen der Kanalmatrix die Anzahl von Empfangsantennen reprä-
sentieren;
ein Kanalinformationsrückmeldungsmittel zum Unterdrücken einer Dimensionsanzahl der Kanalmatrix, die vom
zweiten Endgerät geschätzt wurde, auf eine dritte Anzahl von Zeilen und die erste Anzahl von Spalten und
Rückmelden der unterdrückten Kanalmatrix an das erste Endgerät unter Berücksichtigung der maximalen Di-
mension, wenn die Übertragungsgewichtungsmatrix zum Strahlformen im ersten Endgerät berechnet wird,
wenn eine Anzahl von Zeilen, die von der maximalen Dimension angezeigt wird, kleiner ist als die zweite Anzahl,
wobei die dritte Anzahl gleich oder kleiner als die maximale Dimension ist;
ein Übertragungsgewichtungsmatrixberechnungsmittel zum Erhalten der Übertragungsgewichtungsmatrix zum
Strahlformen, wenn unter Verwendung der Kanalmatrix, die die dritte Anzahl von Zeilen und die erste Anzahl
von Spalten, die vom zweiten Endgerät an das erste Endgerät rückgemeldet wurden, aufweist, Daten vom
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ersten Endgerät zum zweiten Endgerät übertragen werden; und
ein Strahlformungsmittel zum Durchführen eines Strahlformens in Übertragungssignalen der Antennen des
ersten Endgeräts unter Verwendung der Übertragungsgewichtungsmatrix zum Strahlformen, wenn ein Daten-
paket vom ersten Endgerät zum zweiten Endgerät übertragen wird.

2. Drahtloses Kommunikationssystem nach Anspruch 1,
wobei auf Basis einer Standardspezifikation eine räumlich vorwärts gemultiplexte Stromübertragung vom ersten
Endgerät zum zweiten Endgerät durchgeführt wird und ein Fähigkeitsbeschreibungsfeld zum Beschreiben einer
maximalen räumlichen Dimension von Kanalinformationen, die von einem Strahlformer in der expliziten Rückmel-
dung empfangen werden, auf Basis eines Protokolls in der Standardspezifikation definiert ist und
wobei das Benachrichtigungsmittel die Benachrichtigung über einen vorbestimmten Verwaltungsrahmen, der das
Fähigkeitsbeschreibungsfeld beinhaltet, durchführt.

3. Drahtloses Kommunikationssystem nach Anspruch 2, wobei das Benachrichtigungsmittel einen Übertragungsrah-
men einsetzt, um eine Benachrichtigung durchzuführen, wobei der Übertragungsrahmen eines von Folgendem ist:
ein Bakensignal, das vom ersten Endgerät, das im Netzwerk als ein Zugangspunkt betrieben wird, in einer vorbe-
stimmten Rahmenperiode mitgeteilt wird; ein Messpilot; sowohl eine Verknüpfungsantwort als auch eine Neuver-
knüpfungsantwort, die auf eine Verknüpfungsanforderung antworten; und eine Sondierungsantwort, die auf eine
Anforderung von Basisdienstsatzinformationen antwortet,

4. Drahtloses Kommunikationssystem nach Anspruch 2, wobei das Benachrichtigungsmittel einen Übertragungsrah-
men einsetzt, um eine Benachrichtigung durchzuführen, wobei der Übertragungsrahmen eines von Folgendem ist:
eine Verknüpfungsanforderung und eine Neuverknüpfungsanforderung zum Anfordern einer Netzwerk Verknüpfung
bei einem Zugangspunkt und eine Sondierungsanforderung zum Anfordern von Basisdienstsatzinformationen beim
Zugangspunkt; wobei das erste Endgerät als ein Clientendgerät betrieben wird und das zweite Endgerät als der
Zugangspunkt betrieben wird.

5. Drahtloses Kommunikationssystem nach Anspruch 1, wobei das Benachrichtigungsmittel eine maximale räumliche
Dimension durch ein Paket zum Anfordern einer Rückmeldung von Kanalinformationen vom ersten Endgerät zum
zweiten Endgerät spezifiziert.

6. Drahtloses Kommunikationssystem nach Anspruch 1, wobei das Trainingsmittel eine Rückmeldung von Kanalin-
formationen vom ersten Endgerät zum zweiten Endgerät durch Senden des Pakets, das die Trainingssequenz
beinhaltet, anfordert.

7. Drahtloses Kommunikationssystem nach Anspruch 1, wobei das Trainingsmittel eine Rückmeldung von Kanalin-
formationen vom ersten Endgerät zum zweiten Endgerät durch Senden eines Pakets anfordert, das ein Datensymbol
beinhaltet, das vor dem Peilpaket übertragen wird, wenn das Paket, das die Trainingssequenz beinhaltet, übertragen
wird, ohne das Datensymbol zu beinhalten.

8. Drahtlose Kommunikationsvorrichtung, die eine erste Anzahl von Antennen zum Übertragen von räumlich gemul-
tiplexten Strömen zu einem Empfänger beinhaltet, der eine zweite Anzahl von Antennen beinhaltet, wobei die erste
Anzahl eine Ganzzahl gleich oder größer als zwei ist und wobei die zweite Anzahl eine Ganzzahl gleich oder größer
als eins ist, wobei die Vorrichtung Folgendes umfasst:

ein Benachrichtigungsmittel zum Benachrichtigen des Empfängers über eine maximale Dimension, wenn eine
Übertragungsgewichtungsmatrix zum Strahlformen berechnet wird, wobei die maximale Dimension eine Ganz-
zahl gleich oder kleiner als die erste Anzahl ist;
ein Trainingsmittel zum Übertragen eines Pakets, das eine Trainingssequenz beinhaltet, zum Empfänger, wobei
die Trainingssequenz der ersten Anzahl von Antennen der Vorrichtung und der zweiten Anzahl von Antennen
des Empfängers entspricht, wobei die Trainingssequenz den Empfänger veranlasst, eine Kanalmatrix, die die
zweite Anzahl von Zeilen und die erste Anzahl von Spalten aufweist, zu schätzen;
ein Kanalinformationsempfangsmittel zum Empfangen von Kanalinformationen, die eine Kanalmatrix beinhal-
ten, wobei die Kanalmatrix eine dritte Anzahl von Zeilen und die erste Anzahl von Spalten aufweist, wobei die
dritte Anzahl gleich oder kleiner als die maximale Dimension ist, wenn eine Anzahl von Zeilen, die von der
maximalen Dimension angezeigt wird, kleiner ist als die zweite Anzahl, wenn die Übertragungsgewichtungs-
matrix zum Strahlformen, die vom Empfänger rückgemeldet wird, berechnet wird, wobei Spalten der Kanalmatrix
die Anzahl von Übertragungsantennen entsprechen und wobei die Zeilen der Kanalmatrix der Anzahl von
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Empfangsantennen entsprechen;
ein Übertragungsgewichtungsmatrixberechnungsmittel zum Berechnen einer Übertragungsgewichtungsmatrix
zum Strahlformen, wenn unter Verwendung der Kanalmatrix, die die dritte Anzahl von Zeilen und die erste
Anzahl von Spalten, die vom Kanalinformationsempfangsmittel empfangen wurden, aufweist, Daten zum Emp-
fänger übertragen werden; und
ein Paketübertragungsmittel zum Strahlformen von Signalen, die unter Verwendung der Übertragungsgewich-
tungsmatrix zum Strahlformen via die Antennen der Vorrichtung zu übertragen sind, und Übertragen eines
Datenpakets gemäß den zu übertragenden Signalen zum Empfänger.

9. Drahtlose Kommunikationsvorrichtung nach Anspruch 8,
wobei die räumlich gemultiplexten Ströme auf Basis einer Standardspezifikation zum Empfänger übertragen werden
und ein Fähigkeitsbeschreibungsfeld zum Beschreiben einer maximalen räumlichen Dimension von Kanalinforma-
tionen, die von einem Strahlformer in der expliziten Rückmeldung empfangen werden, gemäß einem Protokoll der
Standardspezifikation definiert ist und
wobei das Benachrichtigungsmittel die Benachrichtigung über einen vorbestimmten Verwaltungsrahmen, der das
Fähigkeitsbeschreibungsfeld beinhaltet, durchführt.

10. Drahtlose Kommunikationsvorrichtung nach Anspruch 9, wobei das Benachrichtigungsmittel einen Übertragungs-
rahmen einsetzt, wobei der Übertragungsrahmen mindestens eines von Folgendem beinhaltet: ein Bakensignal,
das in einer vorbestimmten Rahmenperiode mitgeteilt wird; einen Messpilot; sowohl eine Verknüpfungsantwort als
auch eine Neuverknüpfungsantwort, die auf die Verknüpfungsanforderung vom Empfänger antworten; und eine
Sondierungsantwort, die auf die Anforderung von Basisdienstsatzinformationen vom Empfänger antwortet.

11. Drahtlose Kommunikationsvorrichtung nach Anspruch 9, wobei das Benachrichtigungsmittel einen Übertragungs-
rahmen einsetzt, wobei der Übertragungsrahmen eines von Folgendem beinhaltet: sowohl eine Verknüpfungsan-
forderung als auch eine Neuverknüpfungsanforderung zum Anfordern einer Netzwerkverknüpfung bei einem Zu-
gangspunkt und eine Sondierungsanforderung zum Anfordern von Basisdienstsatzinformationen beim Zugangs-
punkt; wobei die drahtlose Kommunikationsvorrichtung als ein Clientendgerät in einem Netzwerk betrieben wird
und der Empfänger als der Zugangspunkt betrieben wird.

12. Drahtlose Kommunikationsvorrichtung nach Anspruch 8, wobei das Benachrichtigungsmittel eine maximale räum-
liche Dimension durch ein Paket zum Anfordern der Rückmeldung von Kanalinformationen zum Empfänger spezi-
fiziert.

13. Drahtlose Kommunikationsvorrichtung nach Anspruch 8, wobei das Trainingsmittel ein Anforderungssignal zum
Anfordern einer Rückmeldung von Kanalinformationen zum Empfänger im Paket beinhaltet, das die Trainingsse-
quenz beinhaltet.

14. Drahtlose Kommunikationsvorrichtung nach Anspruch 8, wobei das Paketübertragungsmittel ein Anforderungssignal
zum Anfordern einer Rückmeldung von Kanalinformationen zum Empfänger in einem Paket beinhaltet, das ein
Datensymbol beinhaltet, wobei das Datensymbol vor dem Peilpaket übertragen wird, wenn das Paket, das die
Trainingssequenz beinhaltet, die das Datensymbol nicht beinhaltet, übertragen wird.

15. Drahtlose Kommunikationsvorrichtung, die eine zweite Anzahl von Antennen zum Empfangen von räumlich gemul-
tiplexten Strömen von einem Initiator beinhaltet, der eine erste Anzahl von Antennen beinhaltet, wobei die erste
Anzahl eine Ganzzahl gleich oder größer als zwei ist und wobei die zweite Anzahl eine Ganzzahl gleich oder größer
als eins ist, wobei die Vorrichtung Folgendes umfasst:

ein Benachrichtigungsempfangsmittel zum Empfangen einer maximalen Dimension, wenn eine Übertragungs-
gewichtungsmatrix zum Strahlformen des Initiators berechnet wird, wobei die maximale Dimension eine Ganz-
zahl gleich oder kleiner als die erste Anzahl ist;
ein Kanalmatrixschätzmittel zum Empfangen eines Pakets, das eine Trainingssequenz beinhaltet, die der ersten
Anzahl von Antennen des Initiators und der zweiten Anzahl von Antennen der drahtlosen Kommunikationsvor-
richtung entspricht, vom Initiator und Schätzen einer Kanalmatrix, die die zweite Anzahl von Zeilen und die
erste Anzahl von Spalten aufweist, wobei Spalten der Kanalmatrix die Anzahl von Übertragungsantennen re-
präsentieren und wobei Zeilen der Kanalmatrix die Anzahl von Empfangsantennen repräsentieren;
ein Kanalinformationsrückmeldungsmittel zum Unterdrücken der Kanalmatrix, die vom Kanalmatrixschätzmittel
geschätzt wurde, auf eine dritte Anzahl von Zeilen und die erste Anzahl von Spalten, wobei die dritte Anzahl
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gleich oder kleiner als die maximale Dimension ist, wenn eine Anzahl von Zeilen, die von der maximalen
Dimension angezeigt wird, kleiner ist als die zweite Anzahl, und, in einem Fall, in dem die erste Anzahl kleiner
ist als die zweite Anzahl, Rückmelden der unterdrückten Kanalmatrix unter Berücksichtigung der maximalen
Dimension an den Initiator, wenn die Übertragungsgewichtungsmatrix zum Strahlformen im Initiator berechnet
wird;
ein Datenpaketempfangsmittel zum Empfangen eines Datenpakets, das in einer Übertragungsgewichtungs-
matrix zum Strahlformen strahlgeformt ist, die von der rückgemeldeten Kanalmatrix angefordert wurde, vom
Initiator; und
ein Raumteilungsmittel zum Multiplizieren eines Empfangsvektors, der empfangene Signale umfasst, mit einer
Empfangsgewichtungsmatrix, die von der Kanalmatrix erhalten wurde, und Durchführen einer räumlichen De-
codierung der räumlich gemultiplexten Signale.

16. Drahtlose Kommunikationsvorrichtung nach Anspruch 15,
wobei räumlich gemultiplexte Ströme auf Basis einer Standardspezifikation vom Initiator übertragen werden und
ein Fähigkeitsbeschreibungsfeld zum Beschreiben einer maximalen räumlichen Dimension von Kanalinformationen,
die von einem Strahlformer in der expliziten Rückmeldung empfangen werden, gemäß der Standardspezifikation
in einem Protokoll definiert ist und
wobei das Benachrichtigungsempfangsmittel einen Verwaltungsrahmen empfängt, der das Fähigkeitsbeschrei-
bungsfeld beinhaltet.

17. Drahtlose Kommunikationsvorrichtung nach Anspruch 16, wobei das Benachrichtigungsempfangsmittel einen Über-
tragungsrahmen empfängt, wobei der Übertragungsrahmen mindestens eines von Folgendem beinhaltet: ein Ba-
kensignal, das in einer vorbestimmten Rahmenperiode vom Initiator mitgeteilt wird; einen Messpilot; sowohl eine
Verknüpfungsantwort als auch eine Neuverknüpfungsantwort, die auf die Verknüpfungsanforderung vom Initiator
antworten; und eine Sondierungsantwort, die auf die Anforderung von Basisdienstsatzinformationen vom Initiator
antwortet, wenn der Initiator als ein Zugangspunkt betrieben wird.

18. Drahtlose Kommunikationsvorrichtung nach Anspruch 16, wobei das Benachrichtigungsempfangsmittel einen Über-
tragungsrahmen empfängt, wobei der Übertragungsrahmen mindestens eines von Folgendem beinhaltet: sowohl
eine Verknüpfungsanforderung als auch eine Neuverknüpfungsanforderung zum Anfordern einer Netzwerkverknüp-
fung vom Initiator und eine Sondierungsanforderung zum Anfordern von Basisdienstsatzinformationen bei einem
Zugangspunkt; wobei der Initiator als ein Clientendgerät in einem Netzwerk betrieben wird und die drahtlose Kom-
munikationsvorrichtung als ein Zugangspunkt betrieben wird.

19. Drahtlose Kommunikationsvorrichtung nach Anspruch 15, wobei das Benachrichtigungsempfangsmittel eine maxi-
male räumliche Dimension durch ein Paket zum Anfordern der Rückmeldung von Kanalinformationen vom Initiator
empfängt.

20. Drahtloses Kommunikationsverfahren zum Übertragen von räumlich gemultiplexten Strömen von einem Sender,
der eine erste Anzahl von Antennen beinhaltet, zu einem Empfänger, der eine zweite Anzahl von Antennen beinhaltet,
wobei die erste Anzahl eine Ganzzahl gleich oder größer als zwei ist und die zweite Anzahl eine Ganzzahl gleich
oder größer als eins ist, wobei das Verfahren die folgenden Schritte umfasst:

Benachrichtigen des Empfängers über eine maximale Dimension, wenn eine Übertragungsgewichtungsmatrix
zum Strahlformen berechnet wird, wobei die maximale Dimension eine Ganzzahl gleich oder kleiner als die
erste Anzahl ist;
Übertragen eines Pakets, das eine Trainingssequenz beinhaltet, zum Empfänger, wobei die Trainingssequenz
der ersten Anzahl von Antennen des Senders und der zweiten Anzahl von Antennen des Empfängers entspricht,
wobei die Trainingssequenz den Empfänger veranlasst, eine Kanalmatrix, die die zweite Anzahl von Zeilen und
die erste Anzahl von Spalten aufweist, zu schätzen;
Empfangen von Kanalinformationen, die eine Kanalmatrix beinhalten, unter Berücksichtigung der maximalen
Dimension, wenn die Übertragungsgewichtungsmatrix zum Strahlformen, die vom Empfänger rückgemeldet
wurde, berechnet wird, wobei die Kanalmatrix eine dritte Anzahl von Zeilen und die erste Anzahl von Spalten
beinhaltet, wobei die dritte Anzahl gleich oder kleiner als die maximale Dimension ist, wenn eine Anzahl von
Zeilen, die von der maximalen Dimension angezeigt wird, kleiner ist als die zweite Anzahl, wobei Spalten der
Kanalmatrix die Anzahl von Übertragungsantennen repräsentieren und wobei die Zeilen der Kanalmatrix die
Anzahl von Empfangsantennen repräsentieren;
Erhalten der Übertragungsgewichtungsmatrix zum Strahlformen, wenn unter Verwendung der empfangenen
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Kanalmatrix Daten zum Empfänger übertragen werden; und
Durchführen einer Strahlformung an Signalen, die unter Verwendung der Übertragungsgewichtungsmatrix zum
Strahlformen via die Antennen des Senders zu übertragen sind, und Übertragen eines Datenpakets zum Emp-
fänger.

21. Drahtloses Kommunikationsverfahren zum Empfangen von räumlich gemultiplexten Strömen durch einen Empfän-
ger, der eine zweite Anzahl von Antennen aufweist, von einem Initiator, der eine erste Anzahl von Antennen bein-
haltet, wobei die erste Anzahl eine Ganzzahl gleich oder größer als zwei ist und die zweite Anzahl eine Ganzzahl
gleich oder größer als eins ist, wobei das Verfahren die folgenden Schritte umfasst:

Empfangen einer maximalen Dimension, wenn eine Übertragungsgewichtungsmatrix zum Strahlformen des
Initiators berechnet wird, wobei die maximale Dimension eine Ganzzahl gleich oder kleiner als die erste Anzahl
ist;
Empfangen eines Pakets, das eine Trainingssequenz beinhaltet, die der ersten Anzahl von Antennen des
Initiators und der zweiten Anzahl von Antennen des Empfängers entspricht, vom Initiator und Schätzen einer
Kanalmatrix, die die zweite Anzahl von Zeilen und die erste Anzahl von Spalten aufweist, wobei Spalten der
Kanalmatrix die Anzahl von Übertragungsantennen repräsentieren und wobei Zeilen der Kanalmatrix die Anzahl
von Empfangsantennen repräsentieren;
Unterdrücken der geschätzten Kanalmatrix auf eine dritte Anzahl von Zeilen und die erste Anzahl von Spalten,
wobei die dritte Anzahl gleich oder kleiner als die maximale Dimension ist, wenn eine Anzahl von Zeilen, die
von der maximalen Dimension angezeigt wird, kleiner ist als die zweite Anzahl, und, in einem Fall, in dem die
erste Anzahl kleiner ist als die zweite Anzahl, Rückmelden der unterdrückten Kanalmatrix unter Berücksichtigung
der maximalen Dimension an den Initiator, wenn die Übertragungsgewichtungsmatrix zum Strahlformen im
Initiator berechnet wird;
Empfangen eines Datenpakets vom Initiatorendgerät, wobei das Datenpaket in der Übertragungsgewichtungs-
matrix zum Strahlformen, die von der rückgemeldeten Kanalmatrix erhalten wurde, strahlgeformt ist; und
Multiplizieren eines Empfangsvektors, der empfangene Signale umfasst, mit einer Empfangsgewichtungsmatrix,
die von der Kanalmatrix erhalten wurde, und Durchführen einer räumlichen Decodierung der räumlich gemul-
tiplexten Signale.

Revendications

1. Système de communication sans fil pour transmettre des flux multiplexés spatialement à partir d’un premier terminal
comprenant un premier nombre d’antennes vers un second terminal comprenant un deuxième nombre d’antennes,
le premier nombre étant un entier égal ou supérieur à deux, et le deuxième nombre étant un entier égal ou supérieur
à un, le système comprenant :

un moyen de notification pour notifier au second terminal une dimension maximale lors du calcul d’une matrice
de pondération de transmission pour la formation de faisceaux du premier terminal, la dimension maximale
étant un entier égal ou inférieur au premier nombre ;
un moyen d’apprentissage pour transmettre un paquet comprenant une séquence d’apprentissage, du premier
terminal au second terminal, la séquence d’apprentissage correspondant au premier nombre d’antennes du
premier terminal et au deuxième nombre d’antennes du second terminal ;
un moyen d’estimation de matrice de canal pour diviser la séquence d’apprentissage reçue par les antennes
du second terminal en un deuxième nombre de flux, et estimer une matrice de canal ayant le deuxième nombre
de lignes et le premier nombre de colonnes, où les colonnes de la matrice de canal représentent le nombre
d’antennes d’émission, et où les lignes de la matrice de canal représentent le nombre d’antennes de réception ;
un moyen de rétroaction d’informations de canal pour restreindre un nombre de dimensions de la matrice de
canal estimée par le second terminal à un troisième nombre de lignes et le premier nombre de colonnes, et
renvoyer la matrice de canal restreinte au premier terminal en prenant en considération la dimension maximale
lors du calcul de la matrice de pondération de transmission pour la formation de faisceaux dans le première
terminal, si un nombre de lignes indiqué par la dimension maximale est inférieur au deuxième nombre, où le
troisième nombre est égal ou inférieur à la dimension maximale ;
un moyen de calcul de matrice de pondération de transmission pour obtenir la matrice de pondération de
transmission pour la formation de faisceaux lors de la transmission de données du premier terminal au second
terminal en utilisant la matrice de canal ayant le troisième nombre de lignes et le premier nombre de colonnes
renvoyés du second terminal au premier terminal ; et
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un moyen de formation de faisceaux pour effectuer une formation de faisceaux dans des signaux de transmission
des antennes du premier terminal en utilisant la matrice de pondération de transmission pour la formation de
faisceaux lorsqu’un paquet de données est transmis du premier terminal au second terminal.

2. Système de communication sans fil selon la revendication 1,
dans lequel une transmission de flux multiplexée spatialement vers l’avant est effectuée du premier terminal vers
le second terminal sur la base d’une spécification standard, et un champ de description de capacité pour décrire
une dimension spatiale maximale des informations de canal reçues par un formateur de faisceau dans le retour
explicite est défini sur la base d’un protocole dans la spécification standard ; et où le moyen de notification effectue
la notification par l’intermédiaire d’une trame de gestion prédéterminée comprenant le champ de description de
capacité.

3. Système de communication sans fil selon la revendication 2, dans lequel le moyen de notification utilise une trame
de transmission pour effectuer une notification, la trame de transmission étant l’une des suivantes : un signal de
balise, qui est notifié par le premier terminal fonctionnant en tant que point d’accès dans le réseau pendant une
période de trame prédéterminée ; un pilote de mesure ; à la fois une réponse d’association et une réponse de
réassociation, qui répondent à une demande d’association ; et une réponse de sonde, qui répond à une demande
d’informations d’ensemble de services de base.

4. Système de communication sans fil selon la revendication 2, dans lequel le moyen de notification utilise une trame
de transmission pour effectuer une notification, la trame de transmission étant l’une parmi : une demande d’asso-
ciation et une demande de réassociation pour demander une association de réseau à un point d’accès ; et une
demande de sonde pour demander des informations d’ensemble de services de base au point d’accès ; où le premier
terminal est utilisé comme terminal client et le second terminal est utilisé comme point d’accès.

5. Système de communication sans fil selon la revendication 1, dans lequel le moyen de notification spécifie une
dimension spatiale maximale à travers un paquet pour demander un retour d’informations de canal du premier
terminal au second terminal.

6. Système de communication sans fil selon la revendication 1, dans lequel le moyen d’apprentissage demande un
retour d’informations de canal du premier terminal au second terminal en envoyant le paquet comprenant la séquence
d’apprentissage.

7. Système de communication sans fil selon la revendication 1, dans lequel le moyen d’apprentissage demande un
retour d’informations de canal du premier terminal au second terminal en envoyant un paquet comprenant un
symbole de données, qui est transmis avant le paquet de sondage lorsque le paquet comprenant la séquence
d’apprentissage est transmis sans inclure le symbole de données.

8. Appareil de communication sans fil comprenant un premier nombre d’antennes pour transmettre des flux multiplexés
spatialement à un récepteur comprenant un deuxième nombre d’antennes, le premier nombre étant un entier égal
ou supérieur à deux, et le deuxième nombre étant un entier égal ou supérieur à un, l’appareil comprenant :

un moyen de notification pour notifier au récepteur une dimension maximale lors du calcul d’une matrice de
pondération de transmission pour la formation de faisceaux, la dimension maximale étant un entier égal ou
inférieur au premier nombre ;
un moyen d’apprentissage pour transmettre un paquet comprenant une séquence d’apprentissage au récepteur,
la séquence d’apprentissage correspondant au premier nombre d’antennes de l’appareil et au deuxième nombre
d’antennes du récepteur, où la séquence d’apprentissage amène le récepteur à estimer une matrice de canal
ayant le deuxième nombre de lignes et le premier nombre de colonnes ;
un moyen de réception d’informations de canal pour recevoir des informations de canal comprenant une matrice
de canal, la matrice de canal ayant un troisième nombre de lignes et le premier nombre de colonnes, le troisième
nombre étant égal ou inférieur à la dimension maximale, si un nombre de lignes indiqué par la dimension
maximale est inférieur au deuxième nombre, lors du calcul de la matrice de pondération de transmission pour
former un faisceau renvoyé par le récepteur, où les lignes de la matrice de canal représentent le nombre
d’antennes de transmission, et où les lignes de la matrice de canal représentent le nombre d’antennes de
réception ;
un moyen de calcul de matrice de pondération de transmission pour calculer une matrice de pondération de
transmission pour la formation de faisceaux lors de la transmission de données au récepteur en utilisant la
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matrice de canal ayant le troisième nombre de lignes et le premier nombre de colonnes reçus par le moyen de
réception d’informations de canal ; et
un moyen de transmission de paquets pour des signaux de formation de faisceaux à transmettre par l’intermé-
diaire des antennes de l’appareil en utilisant la matrice de pondération de transmission pour la formation de
faisceaux, et transmettre un paquet de données au récepteur en fonction des signaux à transmettre.

9. Appareil de communication sans fil selon la revendication 8,
dans lequel les flux multiplexés spatialement sont transmis au récepteur sur la base d’une spécification standard,
et un champ de description de capacité pour décrire une dimension spatiale maximale des informations de canal
reçues par un formateur de faisceaux dans le retour explicite est défini conformément à un protocole de la spécification
standard ; et
où le moyen de notification effectue la notification par l’intermédiaire d’une trame de gestion prédéterminée incluant
le champ de description de capacité.

10. Appareil de communication sans fil selon la revendication 9, dans lequel le moyen de notification utilise une trame
de transmission, la trame de transmission comprenant au moins l’un des éléments suivants : un signal de balise,
qui est notifié dans une période de trame prédéterminée ; un pilote de mesure ; à la fois une réponse d’association
et une réponse de réassociation, qui répondent à la demande d’association provenant du récepteur ; et une réponse
de sonde qui répond à la demande d’informations d’ensemble de services de base provenant du récepteur.

11. Appareil de communication sans fil selon la revendication 9, dans lequel le moyen de notification utilise une trame
de transmission, la trame de transmission comprenant une demande parmi les suivantes : à la fois une demande
d’association et une demande de réassociation pour demander une association de réseau à un point d’accès ; et
une demande de sonde pour demander des informations d’ensemble de services de base au point d’accès ; où
l’appareil de communication sans fil est utilisé en tant que terminal client dans un réseau et le récepteur est utilisé
en tant que point d’accès.

12. Appareil de communication sans fil selon la revendication 8, dans lequel le moyen de notification spécifie une
dimension spatiale maximale à travers un paquet pour demander le retour d’informations de canal au récepteur.

13. Appareil de communication sans fil selon la revendication 8, dans lequel le moyen d’apprentissage comprend un
signal de demande pour demander un retour d’informations de canal au récepteur dans le paquet comprenant la
séquence d’apprentissage.

14. Appareil de communication sans fil selon la revendication 8, dans lequel le moyen de transmission de paquets
comprend un signal de demande pour demander un retour d’informations de canal au récepteur dans un paquet
comprenant un symbole de données, le symbole de données étant transmis avant le paquet de sondage, lorsque
le paquet comprenant la séquence d’apprentissage et ne comprenant pas le symbole de données est transmis.

15. Appareil de communication sans fil comprenant un deuxième nombre d’antennes pour recevoir des flux multiplexés
spatialement provenant d’un initiateur comprenant un premier nombre d’antennes, le premier nombre étant un entier
égal ou supérieur à deux et le deuxième nombre étant un entier égal ou supérieur à un, l’appareil comprenant :

un moyen de réception de notification destiné à recevoir une dimension maximale lors du calcul d’une matrice
de pondération de transmission pour la formation de faisceaux de l’initiateur, la dimension maximale étant un
entier égal ou inférieur au premier nombre ;
un moyen d’estimation de matrice de canal pour recevoir un paquet comprenant une séquence d’apprentissage
correspondant au premier nombre d’antennes de l’initiateur et au deuxième nombre d’antennes de l’appareil
de communication sans fil en provenance de l’initiateur, et estimer une matrice de canal ayant le deuxième
nombre de lignes et le premier nombre de colonnes, où les colonnes de la matrice de canal représentent le
nombre d’antennes de transmission, et où les lignes de la matrice de canal représentent le nombre d’antennes
de réception ;
un moyen de retour d’informations de canal pour restreindre la matrice de canal estimée par le moyen d’esti-
mation de matrice de canal à un troisième nombre de lignes et au premier nombre de colonnes, le troisième
nombre étant égal ou inférieur à la dimension maximale, si un nombre de lignes indiqué par la dimension
maximale est inférieur au deuxième nombre, et renvoyer la matrice de canal restreinte à l’initiateur en prenant
en considérant la dimension maximale lors du calcul de la matrice de pondération de transmission pour la
formation de faisceaux dans l’initiateur, dans le cas où le premier nombre est inférieur au deuxième nombre ;
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un moyen de réception de paquets de données pour recevoir un paquet de données dont le faisceau est formé
dans une matrice de pondération de transmission pour la formation de faisceaux demandée depuis la matrice
de canal de retour, depuis l’initiateur ; et
un moyen de division spatiale pour multiplier un vecteur de réception comprenant des signaux reçus par une
matrice de pondération de réception obtenue à partir de la matrice de canal, et effectuer un décodage spatial
de signaux multiplexés spatialement.

16. Appareil de communication sans fil selon la revendication 15,
dans lequel des flux multiplexés spatialement sont transmis depuis l’initiateur sur la base d’une spécification standard,
et un champ de description de capacité pour décrire une dimension spatiale maximale des informations de canal
reçues par un formateur de faisceaux dans le retour explicite est défini dans un protocole conformément à la
spécification standard ; et dans lequel le moyen de réception de notification reçoit une trame de gestion incluant le
champ de description de capacité.

17. Appareil de communication sans fil selon la revendication 16, dans lequel le moyen de réception de notification
reçoit une trame de transmission, la trame de transmission comprenant au moins l’un parmi : un signal de balise,
qui est notifié dans une période de trame prédéterminée par l’initiateur ; un pilote de mesure ; à la fois une réponse
d’association et une réponse de réassociation, qui répondent à la demande d’association de l’initiateur ; et une
réponse de sonde qui répond à la demande d’informations d’ensemble de services de base de l’initiateur, lorsque
l’initiateur est utilisé en tant que point d’accès.

18. Appareil de communication sans fil selon la revendication 16, dans lequel le moyen de réception de notification
reçoit une trame de transmission, la trame de transmission comprenant au moins une demande parmi les suivantes :
à la fois une demande d’association et une demande de réassociation pour demander une association de réseau
depuis l’initiateur ; et une demande de sonde pour demander des informations d’ensemble de services de base à
un point d’accès ; l’initiateur étant utilisé en tant que terminal client dans un réseau et l’appareil de communication
sans fil étant utilisé en tant que point d’accès.

19. Appareil de communication sans fil selon la revendication 15, dans lequel le moyen de réception de notification
reçoit une dimension spatiale maximale à travers un paquet pour demander le retour d’informations de canal depuis
l’initiateur.

20. Procédé de communication sans fil pour transmettre des flux multiplexés spatialement depuis un émetteur compre-
nant un premier nombre d’antennes vers un récepteur comprenant un deuxième nombre d’antennes, le premier
nombre étant un entier égal ou supérieur à deux, et le deuxième nombre étant un entier égal ou supérieur à un, le
procédé comprenant les étapes suivantes :

notifier au récepteur d’une dimension maximale lors du calcul d’une matrice de pondération de transmission
pour la formation de faisceaux, la dimension maximale étant un entier égal ou inférieur au premier nombre ;
transmettre un paquet comprenant une séquence d’apprentissage au récepteur, la séquence d’apprentissage
correspondant au premier nombre d’antennes de l’émetteur et au deuxième nombre d’antennes du récepteur,
où la séquence d’apprentissage amène le récepteur à estimer une matrice de canal ayant le deuxième nombre
de lignes et le premier nombre de colonnes ;
recevoir des informations de canal comprenant une matrice de canal en prenant en considération la dimension
maximale lors du calcul de la matrice de pondération de transmission pour le retour de formation de faisceaux
depuis le récepteur, où la matrice de canal comprend un troisième nombre de lignes et le premier nombre de
colonnes, le troisième nombre étant égal ou inférieur à la dimension maximale, si un nombre de lignes indiqué
par la dimension maximale est inférieur au deuxième nombre, où les colonnes de la matrice de canal représentent
le nombre d’antennes d’émission, et où les lignes de la matrice de canal représentent le nombre d’antennes
de réception ;
obtenir la matrice de pondération de transmission pour la formation de faisceaux lors de la transmission de
données au récepteur en utilisant la matrice de canal reçue ; et
procéder à la formation de faisceaux sur les signaux à transmettre par l’intermédiaire des antennes de l’émetteur
en utilisant la matrice de pondération de transmission pour la formation de faisceaux, et transmettre un paquet
de données au récepteur.

21. Procédé de communication sans fil pour recevoir des flux multiplexés spatialement depuis un initiateur comprenant
un premier nombre d’antennes par un récepteur ayant un deuxième nombre d’antennes, le premier nombre étant
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un entier égal ou supérieur à deux, et le deuxième nombre étant un entier égal ou supérieur à un, le procédé
comprenant les étapes suivantes :

recevoir une dimension maximale lors du calcul d’une matrice de pondération de transmission pour la formation
de faisceaux de l’initiateur, la dimension maximale étant un entier égal ou inférieur au premier nombre ;
recevoir de l’initiateur un paquet comprenant une séquence d’apprentissage correspondant au premier nombre
d’antennes de l’initiateur et au deuxième nombre d’antennes du récepteur, et estimer une matrice de canal
ayant le deuxième nombre de lignes et le premier nombre de colonnes, où les colonnes de la matrice de canal
représentent le nombre d’antennes de transmission, et où les lignes de la matrice de canal représentent le
nombre d’antennes de réception ;
restreindre la matrice de canal estimée à un troisième nombre de lignes et au premier nombre de colonnes, le
troisième nombre étant égal ou inférieur à la dimension maximale, si un nombre de lignes indiqué par la dimension
maximale est inférieur au deuxième nombre, et renvoyer la matrice de canal restreinte à l’initiateur en prenant
en considération la dimension maximale lors du calcul de la matrice de pondération de transmission pour la
formation de faisceaux dans l’initiateur, dans le cas où le premier nombre est inférieur au deuxième nombre ;
recevoir un paquet de données provenant du terminal initiateur, le paquet de données ayant son faisceau formé
dans la matrice de pondération de transmission pour la formation de faisceaux obtenue depuis la matrice de
canal renvoyée ; et
multiplier un vecteur de réception constitué de signaux reçus par une matrice de pondération de réception
obtenue depuis la matrice de canaux, et procéder à un décodage spatial de signaux multiplexés spatialement.
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